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1. ]NIR N

This Guidance Manual complements the filtration and disinfection
treatment requirements for public water systems using surface water
sources or ground water under the direct influence of surface water
promulgated in 40 CFR Part 141, Subpart H. In this manual, these
requirements are referred to as in the Surface Water Treatment Rule
(SWTR).

The purpose of this manual is to provide guidance to United States
Environmental Protection Agency (USEPA) Regional Offices, Primacy Agencies
and affected utilities in the implementation of the SWTR, and to help
assure that implementation is consistent. For example, the SWIR sets
treatment requirements which apply to a large range of source water
conditions. The guidance manual suggests design, operating and perform-
ance criteria for specific surface water quality conditions to provide the
optimum protection from microbiological contaminants. These recommenda-
tions are presented as advisory guidelines only; unlike the provisions of
the SWTR, these recommendations are not mandatory requirements. In many
cases, it will be appropriate to tailor requirements to specific
circumstances; the guidance manual {s designed to give the Primacy Agency
flexibility in establishing the most appropriate treatment requirements
for the systems within their jurisdiction.

Throughout this document, the term “Primacy Agency" refers to a
State with primary enforcement responsibility for public water systems or
“primacy,” or to smean EPA in the case of a State that has not obtained
primacy.

In order to facilitate the use of this manual, it has been
structured to follow the framework of the SWTR as closely as possible.
Brief descriptions of the contents of each section of this manual are
presented in the following paragraphs.

aection 2

This section provides guidance for determining whether a water
supply source is subject to the requirements of the SWTR including the
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determination of whether a ground water source is under the direct
influence of surface water,i.e. at risk for the presence of Giardia cysts
or other large microorganisms. The overall treatment requirements of the
SWTR are also presented, along with recommendations for the qualifications
of operator personnel,

Section 3
For systems which are subject to the requirements of the SWTR and
which do not currently provide filtration, this section provides guidance
to the Primacy Agency for determining if a given system:
- Meets the source water quality criteria

- Meets the disinfection requirements including:
= 99.9 and 99.99 percent inactivation of Giardia cysts and
viruses and application of the CT (disinfectant residual
concentration x contact time) concept
- Point of entry to distribution system requirements
- Distribution system requirements
- Provision for disinfection system redundancy
- Maintains an adegquate watershed control program
- Meets the on-site inspection requirements

« Has not had an identified waterborne disease outbreak

- Complies with the requirements of the revised Total Coliform
Rule

- Complies with Total Trihalomethane (TTHM) Rule

Section &

This section pertains to systees which do not meet the requirements
to avoid filtration outlined in Section 3 and therefore are required to
install filtration. Guidance is given for the selection of an appropriate.
‘filtration technology based on the source water quality and the capabili-
ties of various technologies to achieve the required performance criteria.
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In addition, recommended design and cperating criteria are provided for
d1fferent filtration technologies.

Section S

Section 5 presents guidance to the Primacy Agency for determining
compliance with the turbidity and disinfectign performance requirements,
and in turn, whether filtration and disinfection are satisfactorily
practiced. Recommendations are made for the level of disinfection to be
provided in order to meet the overal) treatment requirements of the SWTR.
This section describes how to evaluate the adequacy of disinfection using
CT or other methods.

Section 6

Section 6 provides guidelines to the Primacy Agency for establishing
the reporting requirements assoCiated with the SWTR. The requirements
include report content and frequency, and are applicable to both filtering
and nonfiltering systems.

Section ?

This section provides an overview of the schedule for Primacy
Agencies and utilities to meet the requirements of the SWTR. Examples are
presented to provide guidance for corrective measures which can be taken
by systems which are not in compliance with the treatment requirements.

Section B

This section presents guidance on public notification. Included are
examples of events which would require notification, language for the
notices and the methods of notification.

Section 9
section 9 provides guidance to the Primacy Agency for determining

whether a system is eligible for an exemption. The criteria for
eligibility for an exemption include:

- Compelling factars (economic or resource limitations)
- No available alternate source
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Protection of public health

This section also provides guidance for evaluating the financial
capabilities of a water system, reviewing the availability of alternate
sources and suggests interim measures for protecting public health.

Appendiges
The manual also contains appendices which provide more detailed
guidance in specific areas. These include:

Appendix A - EPA Consensus
Method for Giardia cyst Analysis

Several procedures are available for Gjardia cyst analysis in water.
In 1983 the USEPA held a conference to establish a consensus on the
procedure to be used in the future. This consensus method would promote
aniformity in testing and provide a basis for future conparisons. The
consensus method and the background data used to develop in it presented

in this appendix.

Appendix B - Institutional
Control of Legionella

Filtration and/or disinfection provides protection from Legionella.
However, it does not assure that recontamination or regrowth will not
occur in the hot water or cooling systems of buildings within the
distribution system. This appendix provides guidance for menitoring and
treatment which can be used by institutional systems for the control of

Legignella.

Appendix C - Determination of Oisinfectant
Contact Jime

In many cases, the determination of disinfectant contact times
needed to evaluate the CT of a water system will necessitate the use of
tracer studies. This appendix provides guidance for conducting these
studies. In soms c:tac it may not be practical to conduct a tracer study.
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For such cases guidance is given for estimating the detention time based
on the physical configuration of the system.

Appendix O - Analytical Requirements

of the SWTR and A Survey of the Current
Status of Residual Disinfectant
Measurement Methods for all Chlorine
Species and Ozone

This appendix inciudes a listing of the analytical methods required
under the SWTR. An executive summary of a report on the analytical
methods used to measure the residual concentrations of the various
disinfectants is included. The reliability and limitations of each of the
methods are presented.

Appendix E - Inactivations Achieved
vari :

This appendix presents the log inactivations of Gjardia cysts and
viruses which are achieved at various CT levels by chlorine, chlorine
dioxide, chloramines and ozone. Inactivations of viruses achieved by Uv
absorbance are also included.

: jix F - Basis for CI Val

This appendix provides the background and rationale utilized in
developing the CT values for the various disinfectants. Included is a
paper by Clark et al., 1988, in which a mathematical model was used in the
determination of CT values for free chlorine.

Appendix G - Protocol for Demonstrating
Effective Disinfection

This appendix provides the recommended protocols for demonstrating
the effectiveness of chloramines, chlorine dioxide and ozone as primary
disinfectants. Guidelines for determing characteristic "C" and *T° in
ozone reactors are also included.
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Appendix H - Sampling Frequency for
ibuti

The sampling frequency required by the revised Total Coliform Rule
54 FR 27544 (June 29, 1989) is presented in this appendix.

Appendix [ - Maintaining
Redundant Qisinfection Capabjlity

This appendix details the conditions and equipment which should be
maintained by a system using chlorine, chlorine dioxide, ozone or
chloramines to assure that compliance with the SWTR requirement for
redundant disinfection is met.

Appendix J - Watershed Contro] Program

This appendix provides a detailed outline of a watershed program.
This program may be adjusted by the Primacy Agency to serve the specific
needs of a particular water system,

Appendix K - Sanit S

This appendix provides guidance for conducting a comprehensive
sanitary survey of a supply source and its treatment and delivery to the
consumer. Suggested elements of an annual on-site inspection are included
in Section 3.

: ix L - Small S Consid .
This appendix describes difficulties which may be faced by small
systems in complying with the SKTR along with guidelines for overcoming

these difficulties.

Appendix M - Protocol for the

This appendix presents pilot study protocols to evaluate the
effectiveness of an alternate filtration technology in meeting the
performance requirements of the SWTR. It presents the use of particle
size analysis for demonstrating tne actual removal-of Giardia cyst
achieved by a treatment train. Guidance for conventional and direct
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filtration plants to cdemonstrate that adequate filtration is being
maintained at effluent turbidities between 0.5 and 1 Nephelometric
Turbidity Unit (RTY) is 3also included.

Appendix N - Protocol for
Point-of-Use Treatment Pevices

In some limited cases, it may be appropriate to install point-of-use
{POU) or point-of-entry (POE) treatment devices as an interim measure to
provide protection to the public health. This appendix provides a

protoco) for evaluating and determining the efficacy of POU/POE treatment
devices.



2. GENERA| R MENT

2.1 Application

The SWTR pertains to all public water systems which utilize a surface
water source or ground water source under the direct influence of surface
water. The SHTR defines a surface water as all waters which are open to
the atmosphere and subject to surface runoff. Ground water under the
direct influence of surface water is defined as: any water beneath the
surface of the ground with (i) significant occurrence of insects or other
macroorganisms, algae, organic debris, or large-diameter pathogens such
as Giardia lamblia, or (ii) significant and relatively rapid shifts in
water characteristics such as turbidity, temperature, conductivity, or pH
which closely correlate to climatological or surface water conditions.
Direct influence must be determined for each individual source in
accardance with criteria established by the Primacy Agency. The Primacy
Agency criteria may provide for documentation of well construction and
geology, with field evaluation, or site-specific measdrements of water
quality as explained in Section 2.1.2.

Saline water sources such as the ocean are not generally considered
to be subject to the requirements of the SWTR because of the low survival
time of pathogens in a saline environment (Geldreich, 1989). Pathagens
generally can only survive a few hours in saline water and any remaining
pathogens should be removed or inactivated during desalination. However,
it is up to the Primacy Agency's discretion to determine which systems
must meet the SWIR requirements. In cases where there is a sewage
discharge located near the water intake, it may be appropriate for the
Primacy Agency to require the system to comply with the SWTR.

The traditional concept that all water in subsurface aquifers is free
froz pathogenic arganisms is based upon soil being an effective filter
that resoves microorganisms and other relatively large particles by
straining and antagonistic effects (Bouwer, 1978). In most cases
pathogenic bacteria retained in the soil find themselves in a hostile
environmsent, are not able to multiply and eventually die. However, some
underground sources of drinking water may be subject to contamination by
pathogenic organisms from the direct influence of nearby surface
waters.
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Only those subsurface sources which are at risk to contamination from
Giardia cysts will be subject to the requirements of the SWTR. Giardia
cysts generally range in size from 7 to 12 um. Suosurface sources which
may be at risk to contamination from bacteria and enteric viruses, but
which are not at risk from Gjardia cysts will be regulated either under
the Total Coliform Rule or forthcoming disinfection treatment requirements
for ground waters. EPA intends to promulgate disinfection requirements
for ground water systems in conjunction with regulations for disinfection
by-products by 1992.

2.1.1 TIypes of Water Supplies

Syrface Waters

Surface water supplies that are often used as sources of drinking
water include two major classifications, running and quiescent waters.
Streams, rivers and brooks are examples of running water, while lakes,
reservoirs, impoundments and ponds are examples of quiescent waters. The
exposure of surface waters to the atmosphere results in exposure to
precipitation events, surface water runoff and contaminsticn with micro
and macroorganisms resulting from activities in their surrounding areas.
These sources are subject to the requirements of the SWTR.

Systems with rain water catchments not subject to surface runoff
{e.g. roof catchment areas) are not considered vulnerable to contamination
from animal populations which carry protozoan cysts pathogenic to humans
and are thus not subject to the SWTR requirements. However, such systems
should at least provide disinfection to treat for potential bacterial and
viral contamination coming from bird populations.’

Ground Waters under Direct Influence of Surface Water

Ground water sources which may be subject to contamination with
pathogenic organisas from surface waters include, springs, infiltration
galleries, wells or other collectors in subsurface aquifers. The
following section presents a recommended procedure for determining whether
a source will be subject to the requirements of the SWTR. These
determinations are to be made for each individual source. If the.

! One study (Markwell and Shortridge, 1981) indicates that a
cycle of waterborne transmission and maintenance of influenza
virus may exist within duck communities, and that it is
conceivable for virus transmission to occur in this manner to
other susceptible animals, including humans.
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determination will involve an evaluation of water quality, eg. particulate
analysis, it is important that these analyses be made on water taken
directly from the source and not on blended water or water from the
distribution system.

2.1.2 Determination of Applicable Sources

The Primacy Agency has the responsibility for determining which water
supplies must meet the requirements of the SWTR. However, it is the
responsibility of the water purveyors to provide the Primacy Agency with
the information needed to make this determination. This section provides
guidance to the Primacy Agency for determining which water supplies are
surface waters or ground waters directly influenced by a surface water and
are thereby subject to the requirements of the SWTR. Following the
determination that the source is subject to the SWTR, the requirements
enumerated in Sections 2.2 and 2.3 must be met.

The Primacy Agency must develop a program for evaluating ground water
sources for direct influence by Oecember 30, 1990. All community ground
water systems must be evaluated by June 29, 1994, while all non-community
systems must be evaluated by June 29, 1999. Primacy Agencies with an
approved Wellhead Protection (WHP) Program, may be able to use the WHP
program's requirements which include delineation of wellhead protection
areas, assessment of sources of contamination and implementation of
management control measures. These same requirements can be used for
meeting the requirements of the watershed control program for ground water
under the direct influence of a surface water.

Amultiple step approach has been developed as the recommended method
of determining whether a ground water source is under direct influence of
a surface water. This approach includes the review of information
gathered during sanitary surveys. As defined by the USEPA, a sanitary
survey is an on-site review of the water source, facilities, equipment
operation and maintenance of a public water system for the purpose of
evaluating the adequacy of such source, facilities, equipment, operation
and maintenance for producing and distributing safe drinking water.
Sanitary surveys are required under the Total Coliform Rule and may be
required under the forthcoming disinfection requirements for ground water
systems as a condition for obtaining a variance or for determining the
level of disinfection required. Therefore, it is recommended that the

2-3



determination of direct influence be correlated with the sanitary surveys
conducted under these other requirements.

A. Sour valyation Protoco

As illustrated on Figure 2-1, the determination of whether a source
is subject to the requirements of the SWTR may involve one or more of the
following steps:

l. A review of the records of the system's source(s) to determine
whether the source is obviously a surface water, i.e. pond,
lake, streams, etc.

2. If the source is a well, determination of whether it is clearly
a ground water source, or whether further analysis is needed
to determine possible direct surface water influence.

1. A compiete review of the system's files followed by a field
sanitary survey. Pertinent information to gather n the file
review and field survey includes: source design and construc-
tion; evidence of direct surface water contamination; water
quality analysis; indications of waterborne disease outbreaks;
operational procedures; and customer complaints regarding water
quality or water related intectious illness.

4, Conducting particulate analyses and other water quality
sampling and analyses.

Step 1. R i Revi

A review of information pertaining to each source should be carried
out to identify those sources which are obvious surface waters. These
would include ponds, lakes, streams, rivers, reservoirs, etc. If the
source is a surface water, then the SWTR would apply, and criteria in the
rule would need to be applied to determine if filtration is necessary.
If the source is not an obvious surface water, then further analyses, as
presented in Steps 2, 3, or 4, are needed to determine if the SWTR will
apply. If the source is a well, go to Step 2. If the source is a spring,
infiltration gallery, Ranney well, or any other subsurface source, proceed
to Step 3 for a more detailed analysis.

Step 2, Review of Well Sources

While most well sources have historically been considered to be all
ground water, recent evidence suggests that some wells, especially shallow
wells constructed near surface waters, may be directly influenced by
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surface water. One approach in determining whether a well is subject to
contamination by surface water would be to evaluate the water quality of
the well by the criteria in Step 4. However, this process is rather time
consuming and labor intensive. In an attempt to reduce the effort needed
to evaluate well sources, a set of criteria has been developed to ident:fy
wells n deep, well protected aquifers which are not subject to contamina-
tion from surface water., While these criteria are not as definitive as
water quality analysis, it is believed that they provide a reasonable
degree of accuracy, and allow for a relatively rapid determination for a
large number of well sources in the U.S.

Wells less than or equal to 50 feet in depth are considered to be
shallow wells, and should be evaluated for direct surface influence
according to steps 3 and/or 4. For wells greater than 50 feet in depth,
State or system files should be reviewed for the criteria listed below:

1. The well construction should include:

- A surface sanitary seal using bentonite clay, concrete
or other acceptable material.

- A well} casing that penetrates a confining bed.

- A well casing that is only perforated or screened below
a confining bed.

2. The source should be located at least 200 feet from any surface
water.

3. The water quality records should indicate:

= No record of total coliform or feczl coliform contamina-

tion in untreated samples collected over the past three
years,

= No history of turbidity problems associated with the
source.

= No history of known or suspected outbreak of Giardia, or
other pathogenic organism associated with surface water

(e.g. Cryptosporidium). which has been attributed to that
source.

4. If data is available for particulate matter in the weil there
should be:

- No evidence of particulate matter associated with
surface water.
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If data is available for turbidity or temperature from the
well and 2 nearby surface water there should be:

- Mo turbidity or temperature data which correlates
to that of a nearby surface water.

Wells that meet all of the criteria listed above are not subject to
the requirements of the SWTR, and no additional evaluation is needed.
Wells that do not meet all the requirements listed regquire further
evaluation in accordance with Steps 3 and/or 4 to determine whether or not
they are directly influenced by surface water.

S 3, Op-site In X

For sources other than a well source, the State or system files
should be reviewed for the source construction and water quality
conditions as listed in Step 2. Reviewing historical records in State or
system files is a valuable information gathering tool for any source.
However, the results may be inconclusive. A sanitary svrvey in the field
may be helpful in establishing a more definite determination of whether
the water source is at risk to pathogens from direct surface water
influence.

Information to obtain during an on-site inspection include:

- Evidence that surface water enters the source through defects
in the source such as lack of a surface seal on wells,
infiltration gallery laterals exposed to surface water, springs
open to the atmosphere, surface runoff entering a spring or
other collector, etc.

- Distances to cbvious surface water sources.

If the survey indicates that the well is subject to direct surface
water influence, the source must either be reconstructed as explained
later in this section or it must be treated in accordance with the
requirements for the SWTR. If the survey does not show conclusive



evidence of direct surface water influence, the analysis outlined in Step
4 should be conducted.

The Washington State Department of Social and Health Services has
developed a form to guide them and provide consistency 1n their evaluation
of sources for surface water influence (Notestine & Hudson, 1988). Table
2-1 provides a copy of this form as a guide for evaluating sources.

< ' Particul Ana] )

a. rface Wa i r

Particulate analysis is intended to identify organisms which only
occur in surface waters as opposed to ground waters, and whose presence
in a ground water would clearly indicate that at least some surface water
has Jeen mixed with it. The EPA Consensus Method in Appendix A can be
used for Giardia cyst analysis.

In 1986 Hoffbuhr et. al. listed six parameters identifiable in a
particulate analysis which were believed to be valid indicators of surface
rontamination of ground water. These were: diatoms, rotifers, cocziZia,
plant debris, insect parts, and Gjardia cysts. Later work by Notestine
and Hudson (1988) found that microbiologists did not all define plant
debris in the same way, and that deep wells known to be free of direct
surface water influence were shown by particulate analysis to contain
"plant debris® but none of the other five indicators. Their work suggests
that “plant debris* may not currently be a useful tool in determining
direct surface water influence, but may be in the future when a standard
definition of “plant debris* is developed. Therefore, it is recommended
that only the presence of the other five parameters; diatoms and certain
other algae, rotifers, coccidia, insect parts, and Giardia, be used as
indicators of direct surface contamination. In addition, if other large
diameter (> 7 um) organisms which are clearly of surface water origin such
as Dipghilobothrium are present, these should also be considered as
indicators of direct surface water influence,

b. Interpretation

Since standard methods have not been developed specifically for
particulate analysis, there has not been consistency in the way samples
have been collected and analyzed. Differences in the degree of training
and experience of the microbiologists has added further to the difficulty
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TABLE 2-1
VEY FORM FOR TH ASSIFICATION OF N WATER R

General
1. Utility Name (ID#)
2. Utility Person(s) Contacted
3. Source Type (As shown on state inventory)
Spring Ranney Well
Infiltration System Shallow Well Deep Well
4. Source Name Year constructed
5. Is this source used seasonally or intermittently? No Yes
1f yes, are water quality probiems the reason? No Yes
6. Has there ever been a waterborne disease outbreak associated with this
source? Yes No If yes, explain
7. Have there been turbidity or bacteriological MCL violations within the last
five years associated with this source? No Yes
If yes, describe frequency, cause, remedial action (s) taken
8. Have there been consumer complaints within the past five years associated
with this source? No Yes 1f yes, discuss nature, frequency,
remedial action taken
9. Is there any evidence of surface water intrusion (pH, temperature,
conductivity, etc. changes) during the year? Yes No
If yes, describe
If no, submit supporting data.
10.  Sketch of source in plan view (on an additional sheet)



hallow Well

1.

Joes the well meet good sanitary practices regarding location, con-
struction, seal etc. to prevent the entrance of surface water?

Yes No If no, describe the deficiencies
What is the depth of the well? (ft)
Elevation of top of casing? {ft msl)
Elevation of land surface? (ft msl)

Hydrogeology (Attach copy of well log or summarize it on reverse)

Depth to static water level? (Feet)
b. Drawdown? (Feet)
c. What 15 the depth to the highest screen or perforation? (Feet)

d. Are there 1mpervious (ayers above the highest screen or perforation?

Yes No Unknown
1f yes, please describe

Is there a3 permanent or intermittent surface water within 200 feet of the

well? Yes No If yes, describe (type, distance etc.) and
submit location map.

What is the elevation of normal pool {ft msl)
elevation of 100 yr flood level (ft msi)
elevation of bottom of labeor river (ft ms1)

Additional comments:




rin

a. What is the size of the catchment area (acres)?
b. Give a general description of the area (terrain; vegetation; so1l
etc.)

What is the vertical distance between the ground surface and the nearest
point of entry to the spring collector(s) (feet)?

How rapidly does rainfall percolate into the ground around the spring?

Percolates readily; seldom if ever any runoff.
Percoiates readily but there is some runoff in heavy rain.

Percolates slowly. Most local rainfall ponds or runs off.

Other
Does an impervious layer prevent direct percolation of surface water to
the collector{s}? Yes No Unknown
Is the spring properly constructed to prevent entry of surface water? Yes
No
Sediment
a. [s the spring box free of debris and sediment? Yes No

b. When was it last cleaned (Date)
c. How often does it need to be cleaned? (month)
d. How much sediment accumulates between cleaning? (estimate 1n inches)

Additional comments:




Infiltrations System

1. what are the shortest distances (vertical and horizontal separating the
collector from the nearest surface water? (Feet)

2. Does turbidity of the source vary 0.2 NTU or more throughout the year?

Yas No Not measured
If yes, describe how often and how much (pH, temperature, conductivity,
etc.)

3. Additional Comments

Survey Conducted By: Date:

Decision? Surface Impacted Source ves No [f no, further
evaluation needed (particulate analysis, etc.)




in comparing results from sample to sample, and system to system. The
current limitations 1n sample collection and analytical procedures must
be considered when interpreting the results. Until standardized methods
are developed, the EPA Consensus Methed included in Appendix A is
recommended as the analytical method for particulate analysis. The
following is a discussion of the significance of finding the six
indicators identified above.

Identification of a Giardia cyst in any source water should be
considered conclusive evidence of direct surface water influence. There
also is general agreement that the presence of diatoms in source water is
conclusive evidence of direct surface water influence. However, it is
important that this determination be based on live diatoms, and not empty
silica skeletons which may only indicate the historical presence of
surface water.

Bluegreen, green, or other chloroplast containing algae require
sunlight for their metabolism as do diatoms. For that reason their
presence in source water should also be considered as conclusive evidenca
of direct surface water influence.

Hoffbuhr (1986) indicates that rotifers and insect parts are
indicators of surface water. Qthers have pointed out though that rotifers
do not require sunlight, and not all rotifers require a food source such
as algae which originates in surface water. Their nutritional require-
ments may be satisfied by organic matter such as bacteria, or decomposing
soil organic material, not necessarily associated with surface water.
More precise identification of rotifers, i.e. to the species level, is
necessary to determine the specific nutritional requirements of the
rotifer(s) present. Further information on identifying rotifer species
and on which species require food sources originating in surface water,
would be valuable, but is not readily available at this time. Without
knowledge of which species is present, the finding of rotifers indicates
that the source is either a) directly influenced by surface water, or b)
it contains organic matter sufficient ta support the growth of rotifers.
It could be conservatively assumed based on this evidence aione that such
a source is directly influenced by surface water. However, it is
recommended that this determination be supported by other evidence, eg.
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the source is near a surface water, turbidity fluctuations are signifi-
cant, etc.

Insects or insect parts likewise may originate in surface water, from
the so1l, or they may be airborne in uncovered sources. If insects are
observed in a particulate analysis sample, it should be confirmed if
possible that there is no other route by which insects could contaminate
the source other than surface water. For example, if a spring is sampled,
and the cover is not well constructed, it is possible that insects found
in a sample were airborne rather than waterborne. Insects which spend a
portion of their lifecycle in water are the best indicators of direct
surface water influence, for example, larvae of mayflies, stoneflies,
damselfiies, and dragonflies. Terrestrial insects should not be ruied out
as surface water indicators though, since their actidental presence in
surface water is common.

Howell, {1989) has indicated that some insects may burrow and the
finding of eggs or burrowing larvae (eg. chironomids) may not be good
indicators of direct surface water influence. For some inserts this may
be true, but the distance which insects burrow in subsurface sediments is
expected to be small, and insect larvae are generally large in comparison
to Giardja cysts. Until further research suggests otherwise, it is
recommended that insects or insect parts be considered strong evidence of
surface water influence if not direct evidence in and of themselves. The
strength of this evidence would be increased if the source in question is
near a surface water, and particulate analysis of the surface water found
similar insects.

Coccidia are intracellular parasites which occur primarily in verte-
brates, eg. animals and fish, and live in various tissues and organs
including the intestinal tract (eg. Cryptosporidium).  Though not
frequently identified by normal particulate analysis techniques, coccidia
are good indicators of direct surface water contamination since they
require a vertebrate host or hosts and are generally large in size (10 -

20 um or greater). Cryptosporidium is commonly found in surface water,
but due to its small size (4 - 6 um) it s not normally identified without
specific antibody staining techniques.

Other macroorganisms (>7 um) which are parasitic to animals and fish
may be found and are good indicators of surface water {nfluence. Examples
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include, but are not limited to, helminths (e.g., tape worm cysts),
ascaris, and Diphyllcbothrium,

c. Sampling Method
A suggested protocol for collecting samples is listed below.
- -Samplwng Procedure

Samples should be collected using the equipment outlined in the
EPA Consensus Method included in Appendix A.

- Location
Samples should always be collected as close to the source as
possible, and prior to any treatment. If samples must be taken

after disinfection, samples should be noted and analyzed as
soon as possible,

- Number

A mnimum of two samples should be collected during the period
the source is most susceptible to surface water influence.
Such critical periods will vary from system to system and will
need to be determined case by case. For some systems, it may
be one or more days following a sigrificant rainfall (eq. 2°
in 24 hours). For other systems it may be a period of maximum
flows and stream turbidities following spring snowmelt, or
during the summer months when water tables are elevated as a
result of irrigation. In each case, particulate samples should
be collected when the socurce in question is most effected. A
surrogate measure such as source turbidity or depth to water
table may be useful in making the decision to monitor. If
there is any ambiguity in the particulate analysis results,
additional samples should be collected when there is the
greatest likelihood that the source will be contaminated by
surface water.

Yolume

Sample volume should be between 500 and 1000 gallons, and
should be collected over 2 4 to 8 hour time period. It is
preferable to analyze a similar (+/- 10%) volume of water for
all sources, preferably a large volume, although this may not
always be possible due to elevated turbidity or samplin?
logi:tics. The volume filtered should be recorded for al
sampies.

d. Other Indicators

A number of other indicators could be used to provide supportive
evidence of surface influence. While particulate analysis probably
provides the most direct evidence that pathogens from surface water could
be migrating into a ground water source, other parameters such as
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turbidity, temperature, pH and conductivity could provide supportive, but
less direct, evidence.

Turbidity fluctuations of greater than 0.5 - 1 NTU over the course
of a year may be indicative of surface water nfluence. <Considerable
caution should be used when evaluating turbidity changes though, since the
turbidity could be caused by very small particles (< lum) not originating
in a surface water or it could be that larger particles are being filtered
out and only the very smallest particles migrate into the water source.
Only ground water sources at risk to contamination from Giardia or other
large pathogens (> 7 um) are subject to the SWTR requirements. ’

Temperature fluctuations may also indicate surface water influence.
Fortunately these are easy to obtain and if there is a surface water
within 500 feet of the water source, measurements of both should be
recorded for comparison. Large changes in surface water temperature
closely followed by similar changes in source temperature would be
indicative of surface water influence. Also, temperature changes (in
degrees F) of greater than 15 to 20% over the course of a year &ppear to
be a charzcteristic of some sources influenced by surface water (Randall,
1970). Changes in other chemica) parameters such as pH, conductivity,
hardness,etc. could also be monitored. Again, these would not give a
direct indication of whether pathogens originating in surface water were
present, but could indicate whether the water chemistry was or was not
similar to a nearby surface water and/or whether source water chemistry
changed in a similar pattern to surface water chemistry. At this time no
numerical guidelines are available to differentiate what is or is not
similar, so these comparisons are more qualitative than quantitative.

B. Seasqnal Sources

Soms sources may only be used for part of the year, for example
during the sumeer msonths when water usage is high. These sources should
not be excluded from evaluation and, like other sources, should be
evaluated during their pericd(s) of highest susceptibility. Particular
attention should be given to those sources which appear-to be directly
influenced by surface water during part of the year. There may be times
during which these subsurface water sources are not influenced by surface
water and other times when they are part or all surface water. If that
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1s the case, then it 15 critical that careful testing be done prior to,
during and at the end of the use of the source. This should be done over
several seasons to account for seasonal variation. In practice, 1t 1s
sreferable to use sources which are less vulnerable to contamination since

susceptible sources will necessitate ongoing monitoring and close
attentron to operation.

€. Medrfi n

Sources directly influenced by surface water may be altered in some
cases to eliminate the surface water contamination. Primacy Agencies may
elect to allow systems with such sources to modify the construction of the
source and/or the area surrounding the source in an effort to eliminate
surface water contamination. Since this could be expensive and take
considerable time to evaluate for effectiveness, careful consideration
should be given to the decision to modify a source. In deciding whether

source modification is appropriate, systems and Primacy Agencies should
consider the following points:

- Is the cause of the surface water contamination known? [f the
specific cause or point of surface water contamination is not
known, it will not be possible to determine an effective
control strategy. Further, there may be several reasons why
the source is susceptible to direct surface water influence.
For example, an infiltration gallery may receive surface water
because some of its laterals are exposed in the bed of a nearby
stream, and also because laterals distant from the stream are
shallow and are affected by surface runoff. Simply modifying
or eliminating one or the other set of laterals in this case
would not entirely eliminate surface water influence.

- Khat is the likelihood that modification of the source will be
effective? Assuming that the source of contamination has been
identified, the expected effectiveness of control measures
should be evaluated. If the cause is relatively evident, &
crack in a well casing or an uncovered spring box for example,
then there is a high degree of confidence that an effective
solution could be developed. Should the nature of the
contamination be more diffuse, or widespread, then the merits
of spending time and money to modify the source should be
carefully considered. In the case of the example above,
eliminating the use of the laterals under the stream will soive
part of the problem. However, without considerably more
hydrogeologic information about the agquifer and the placement
of the other laterais, it is not clear what, if any, control
measures would effectively eliminate direct surface water
influence in those laterals distant from the stream.
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If a source is ident:ified as being directly influenced by surface
~ater, and it is decided to attempt to modify 1t, interim disinfection
practices which will ensure at least 99.9% inactivation of Giardia should
be considered. Methods and levels of disinfection which can be used to
achieve such removals can be found in $141.72 (a) of the SWTR and 1n
Section 3.2 of this manual.

A partial listing of types of modifications which could be undertaken
includes:

- Diverting surface runoff from springs by trenching, etc.

- Redeveloping springs to capture them below a confining layer.

- Covering open spring collectors.

- Reconstructing wells to install sanitary seals, and/or to
screen them 1n a confined (protected) aquifer.

- TRepairing cracks or breaks in any type of source collector that
allows the entry of surface contaminants.

- Discontinue the use of infiltration laterals which intercept
surface water,

An extended period of monitoring should follow reconstruction (eg.
through at least two years or critical periods) to evaluate whether the
source is still directly influenced by surface water. Preferably
particulate analysis would be used to make such evaluations, but it may
be helpful to use simpler measures, such as temperature and turbidity, as
screening tools. Longer term monitoring at critical times may also be an
appropriate agreement between the system and the Primacy Agency if there
is still doubt about the long term effectiveness of the solution.

If modification is not feasible, another alternative to avoid having
to comply with the SWTR may be to develop a new well either deeper or at
a different location.

2.2 Ireatment Requirements

According to the SWTR, ali community and noncommsunity public water
systems which use a surface water source or a ground water under the
direct influence of a surface water must achieve a minimum of 99.9 percent
(3-10g) removal and/or inactivation of giardia cysts, and a minimm of
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99.99 percent (4-log) removal and/or inactivation of viruses. In the SWTR
and this manual, “viruses® means viruses of fecal origin which are
nfectious to humans by waterborne transmission. Filtration plus
disinfection or disinfection alone may be utilized to achieve these
performance levels, depending on the source water quality and site
specific conditions. The SWIR establishes these removal and/or inactiva-
tion requirements based on Giardia and viruses because this lavel of
treatment will also provide protection from heterotrophic plate count
(HPC) bacteria and {egionella’ as required in the SDWA amendments.

Guidelines for meeting the requirements of the SWTR are provided in
the remainder of this manual as cutlined in Section 1. All systems must
meet the operator qualifications presented in Section 2.3.

2.3 Qperator Personne] Qualifications

The SWIR requires that all systems must be operated by qualified
personnel. It is recommended that the Primacy Agency set standards for
operator qualifications, in accordance with the system type and size. In
order to accomplish this, the Primacy Agency should develop a method of
evaluating an operator's competence in operating a water treatment system.
Primacy Agencies which do not currently have a certification program are
thereby encouraged to implement such a program. An operator certification
program provides a uniform base for operator qualifications and an
organized system for evaluating these qualifications.

It is recommended that plant operators have a basic knowledge of
science, mathematics and chemistry involved with water treatment and
supply. The minimum requirements for at least one key staff member should
include an understanding of:

- The principles of water treatment and distribution and their
characteristics

- The uses of potable water and variations in its demand

- The importance of water quality to public health

2 In the SWTR and this manual "Legionella* means a genus of
bacteria, some species of which have caused a type of pneumonia
called Legionnaires Disease; the etiologic agent of most cases
of Legionnaires Disease examined has been L, pneumophila.
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The equipment, operation and maintenance of the distribution
system

The treatment process equipment utilized, its operational
parameters and maintenance

The principles of each process unit (including the scientific
bas)s and purpose of the aperation and the mechanical
components of the unit)
Performance criteria such as turbidity, total coliform, fecal
coliform, disinfectant residual, pH, etc. to determine
operational adjustments

Common operating problems encountered in the system and actions
to correct them

The current Naticnal Primary Drinking Water Regulations, the
Secondary Orinking Water Regulations and monitoring and
reporting requirements

Methods of sample collection and sample preservation

Laboratory equipment and tests used to analyze samples (where
appropriate)

The use of laboratory results to analyze plant efficiency
Record keeping
Customer relations

Budgeting and supervision (where appropriate)

Training in the areas listed above and others is available through
the American Water Works Association (AWWA) training course series for
water supply operations. The course series includes a set of four
training manuals and one reference book as follows:

Introduction to Water Sources and Transmission (Volume 1)
Introduction to Water Treatment (Volume 2)

Introduction to Water Distribution (Volume 3)

Introduction to Water Quality Analyses (Volume 4)

Reference Handbook: Basic Science Concepts and Applications

Instructor Guide and Solutions Manual for Volumes 1, 2, 3 and
4
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These manuals are availabie through the American Water Works Associa-
tion, 6666 West Quincy Avenue, Denver, Colorado 80235 USA, (303) 794-7711.

The State of Califormia also offers a series of training manuals for
water treatment plant operators prepared by the Califormia State
University School of Engineering in Sacramento. The manuals include:

1. Water Supply System Operation. {1 Volume)

2. Water Treatment Plant Operation. (2 Volumes)

These operator training manuals are available from California State

University, Sacramento, 6000 J Street, Sacramento, California 95819, phone
(916) 454-6142.

Completion of an established training and certification program will
provide the means of assuring that the operators have received training
in their respective area, and are gqualified for their position. The
education and experience requirements for certification should be
commensurate with the size and the complexity of the treatment system.
At the present time, some states have instituted a certification program
while others have not. Following is a summary of the basic contents of
a certification program, which can serve as a guide to the Primacy Agency
in developing & ccmplete program.

- Board of examiners for the development and implementation of
the program.

- Classification of treatment facilities by grade according to
the size and technology of the facilities.

- Educational and experience requirements for operators of the
various treatment facilities according to grade.

- A written/oral examination to determine the knowledge, ability
and judgement of the applicants with certification obtained
upon receiving a passing grade.

- Renewal program for the license of certification, including the
requirement of additional coursework or participation in
workshops.

The certification program should provide technically gqualified
personnel for the operation of the plant.

The extensive responsibility which fis placed on the operating
personne) warrants the development of an outline of the responsibilities
and authority of the personnel members to aid them in the efficient
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operation of the plant. The major responsibilities which should be
delegated in the outline of responsibilities include: the normal
day-to-day operations, preventive maintenance, field engineering, water
quality monitoring, troubleshooting, emergency response, cross-connection
control, implementation of improvements, budget formulation, response to
complaints and public/press contact. A reference which the Primacy Agency
may utilize in developing the outline is "Water Utility Management
Practices” published by AWWA,
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3. A_FOR T RQT TERIN

The provisions of the Surface Water Treatment Rule (SWTR) require
that filtration must be included in the treatment train unless certain
criteria are met. These critera are described in this chapter. They
include:

urce Wat 1i nditi
1. Coliform concentrations (total or fecal).

2. Turbidity levels.
isinfectign Criteri

1. Level of disinfection.

2 Point of entry disinfection.

3. Distribution system disinfection.

4 Disinfection redundancy or automatic shutoff.
ite-Specific Criteri

1. Watershed contrel program.

On-site inspections,

No waterborne disease outbreaks.

Complies with the total cotiform MCL.

Complies with the Total Trihalomethane (TTHM) regulation.
Currently this only applies to systems serving more than
10,000 people.

The purpose of this section is to provide guidance to the Primacy
Agency for determining compliance with these provisions.

3.1 Source Water Quality Criteria
The first step in determining 1f filtration is required for a given

surface water supply is to determine whether the supply meets the saurce
water quality criteria as specified in the SWIR. [f the supply does not
weel the source water quality criteria, changes in operation to meet the
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site-specific criteria may improve the water quality so that the source
criteria will be met. However, if the Primacy Agency believes that the
source water quality criteria and/or the site-specific criteria cannot be
met, or that filtration is appropriate regardless, the Primacy Agency may
require the installation of filtration without a complete evaluation to
determine whether the system meets all the criteria required to avoid
filtration.
mplin

The SWTR requires that source water samples be collected at a loca-
tion just prior to the “point of disinfectant application,” i.e., where
the water is disinfected and no longer subject to surface runoff. For
example, a system which has multiple reservoirs in series, where each of
the reservoirs has previously been disinfected and receives surface
runoff, must take the raw water sample(s} just prior to the point of
disinfection or disinfection sequences used for calculating the CT
[disinfectant residual (mg/L) x contact time (min.)]. Disinfected water
in reservoirs receiving surface runoff cannot be counted toward CT credit.
It is also not appropriate for systems to monitor the source water after
the “point of disinfectant application” even if disinfection from this
point is not used for calculating CT credit.

3.1.1 Coliform Concentrations: The SWTR states that, to avoid
filtration, a system must demonstrate that either the fecal coliform
concentration is less than 207100 m! or the total coliform concentration
is less than 1007100 m! in the water prior to the point of disinfectant
application in 90 percent of the samples taken during the six previous
months. Where monitoring for both parameters has been or is conducted,
the rule requires that only the fecal coliform limit be met. However, EPA
recommends that the analytical results for both total coliforms and fecal
coliforms be reported. In addition, if the turbidity of a surface water
source {s greater than 5 NTU and the surface source is blended with a
ground water source to reduce the turbidity, EPA recommends that the high
turbidity water prior to blending wmeet the fecal coliform source water
quality criteria.



Elevated coliform levels in surface water indicate higher probabili-
ties of fecal contamination, some of which could be protected from
exposure to disinfection by embodiment in particulate matter. B8lending
of the surface water with ground water to reduce coliform levels may
obscyre the indication of such possible effects. Thus, EPA does not
recommend blending to reduce coliform levels in the source water.
Furthermore, EPA does not recommend blending to reduce turbidity levels
in cases where elevated fecal contamination may be masked.

Ongoing monitoring is required to ensure that these requirements are

continually met. The samples may be analyzed using either the muitiple
tube fermentation method or the membrane filter test (MF) as described in

the 16th Edition of Standard Methods.

sampling frequency

Minimum sampling frequencies are as follows:

Population Served = Coliform Samples/Week
<500
501-3,300

3,301-10,000
10,001-25,000
>25,000

o o 2 N =

Grab samples must be taken on different days. In addition, one
sample must be taken every day during which the turbidity exceeds 1 NTU,
unless the Primacy Agency determines that the system, for logistical
reasons outside the system's control, cannot have the sample analyzed
within 30 hours of collection. If taken, these samples count towards the
weekly sampling requirement. Also, under the Total Coliform Rule, systems
must take one coliform sample in the distribution system near the first
service connection within 24 hours after a source water turbidity
measurement exceeds 1 NTU. This measurement must be included in the total
colifors compliance determination. The purpose of these requirements is
to ensure that the monitoring occurs during worst case conditions.

The initial evaluatfon of the source water quality is based on the
data from the previous 6 months. After the infitial evaluation, systems
pust continue to conduct sampling each month to demonstrate compliance
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with the source water quality criteria on an ongoing basis. If the
criterion has not been met, the system must filter,

Use of Historical Data Base

Some systems may already monitor their source water for total and/or
fecal coliform concentration. The resulting historical data base may be
sufficient for the Primacy Agency to make the initial determination of
whether the system meets the source water quality criteria. The
historical data base is considered sufficient for making this determina-
tion if:

- The raw water sampling location is upstream of the point of
disinfectant appiication as previously defined.

= The monthly samples represent at least the minimum sampling
frequency previously mentioned.

- The sampling period covers at least the previous six months.

3.1.2 Turbidity Levels: To avoid filtration, the turbidity of the
water prior to disinfection cannot exceed 5 NTU, on an ongoing basis,
based cn grab samples collected every four hnurs (or more frequently) that
the system is in operation. A system may substitute continuous turbidity
monitoring for grab sample monitoring if it validates such measurements
for accuracy with grab sample measurements on a regular basis, as
specified by the Primacy Agency.' If a public water system uses continuous
monitoring, it must use turbidity values recorded every four hours (or
some shorter regular time interval) to determine whether it meets the
turbidity 1imit for raw water. A system occasionally may exceed the 5 NTU
limit and still avoid filtration as long as (a) the Primacy Agency
determines that each event occurred because of unusual or unpredictable
circumstances and (b) as a result of this event, there have not been more

! validation should be performed at least twice a week based on the
procedure outlined in Part 214A in the 16th Edition of Standard Methods.
Although the 17th Edition is available, the 16th Edition is that which
is referred to in the rule. Improper installation of continuous
monitors may allow for air bubbles to enter the monitor resulting in
false turbidity spikes. To avaid air bubbles reaching the turbidimeter,
the sample tap should be installed below the center line of the pipe
and an air re?ease valve may be included on the sasple line.
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than two such events in the past twelve months the system served water to
the public or more than five such events in the past 120 months the system
served water to the public. An “event’ is defined as a series of
consecutive days in which at least one turbidity measurement each day
exceeds 5 NTU.

It is important to note that every event, i.e., exceedance of the
5 NTU limit, regardiess of whether the system must filter as a conse-
guence, constitutes a violation of a treatment technique requirement.
For example, if the turbidity exceeded 5 NTU in at least one measurement
each day for three consecutive days, this would constitute one event and
one treatment technique violation. 1If this was the third event in the
past 12 months the system served water to the public, or the sixth event
in the past 120 months the system had served water to the public, the
system would also be required to install filtration. In atl cases, the
system must inform the Primacy Agency when the turbidity exceeds 5 NTU as
soon as possible, but no later than the end of the next business day.

The Primacy Agency should evaluate additional data from the utility
to determine the significance of the event with respect to the potential
health risk to the community and determine whether a boil water notice is
necessary. The additional data may include raw water fecal coliform
levels, duration and magnitude of the turbidity excursion, nature of the
turbidity (organic or inorganic), disinfectant residual entering the
system during the excursion and/or coliform levels in the distribution
system following the excursion. Boil water notices are not required under
the SWTR although they may be issued at the discretion of the Primacy
Agency.

In order to determine if the periods with turbidity greater than
5 NTU are unusual or unpredictable, it is recommended that in addition to
the historical turbidity data, the water purveyor should collect and
provide to the Pripacy Agency current and historical informaticn on flows,
reservoir water levels, c)imatological conditions, and any other informa-
tion that the Primacy Agency deems relevant. The Primacy Agency will then
evaluate this information to determine if the event was unusual or
unpredictable. Examples of unusual or unpredictable events include:
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unpredictable. Examples of unusual or unpredictable events include:
avoid a high turbidity event by:
« Use of an alternate source which is not a surface water and
does not have to meet the requirements of the SWIR.

- Use of an alternate source which is a surface water and which
does meet the requirements of the SWTR.

- Utilization of stored water to supply the community until the
source water quality meets the criteria.

3.2 Disinfection Criteria

3.2.1 [nactivation Requirements

To avoid filtration, a system must demonstrate that it maintains
disinfection conditions which inactivate 99.9 percent of Giardia cysts and
99.99 percent of viruses every day of operation except any one day each
month. If the disinfection conditions provide less than these inactiva-
tions during more than one day of the month, the system is in violation
of a treatment technique requirement. If the system incurs such a
violation during any two months in the previous 12 months, the system must
install filtration, unless one of the violations was caused by unusual and
unpredictable circumstances as determined by the Primacy Agency. Systems
with three or more violations in the previous 12 months must install
filtration regardiess of the cause of the violation. To demonstrate
adequate inactivations, the system must monitor and record the disinfec-
tant(s) used, disinfectant residual{s), disinfectant contact time(s), pH
(for chlorine), and water temperature, and use these data to determine if
it is meeting the minimum total {nactivation requirements in the rule.

A nusber of disinfectants are available, including ozone, chlorine,
chlorine dioxide and chloramines. The SWTR prescribes CT [C, residual
disinfectant concentratian (mg/L} x T, contact time (min)] levels for
these disinfectants which will achieve different levels of inactivation
under varfous conditions. The disinfectant(s) used to meet the inactiva-
tion requirements {s {dentified as the primary disinfectant throughout the
remainder of this document.

To determine compliance with the inactivation requirements, a system
must calculate the CT value(s) for its disinfection conditions during peak

3-6



hourly flow once each day that it is delivering water to its customers.
For the purpose of calculating CT value, T is the time (in minutes) it
takes the water, during peak hourly flow, to move between the point of
disinfectant application and a point where, C, residual disinfectant
concentration is measured prior to the first customer. Residual
disinfectant concentration is the concentration of the disinfectant (in
mg/L) at a point before or at the first customer. Contact time in
pipelines must be calculated based on plug flow (i.e., where all water
moves homogeneously in time between two points) by dividing the internal
volume of the pipeline by the peak hourly flow rate through that pipeline.
Contact time within mixing basins, settling basins storage reservoirs, and
any other tankage must be determined by tracer studies or an equivalent
method as determined by the Primacy Agency. The contact time determined
from tracer studies to be used for calculating CT is Voo Ty is the
detention time corresponding to the time for which 90 percent of the water
has been in contact with at least the residual concentration, C. Guidance
for determining contact times for basins is provided in Appendix C.

The first customer is the point at which finished water is first
consumed. In many cases this will include the treatment plant itself.
This definition of first customer pertaining to the point of first
consumption assures that the water has received the required disinfection
to provide protection from microorganisms for all consumers. Peak hourly
flow should be considered as the greatest volume of water passing through
the system during any one hour in a consecutive 24 hour period. Thus, it
is not meant to be the absolute peak flow occurring at any instant during
the day.

Systems with only one point of disinfectant application may
determine the total inactivation based on one point of residual measure-
ment prior to the first customer, or on a2 profile of the residual
concentratton after the point of disinfectant application. Methods of
disinfection measurement are presented in Appendix D. The residual
profile and the total {nactivation is calculated as follows:

- Measure the disinfectant residual, C,-at any numher of points
within the treatment train.
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- Determine the travel time, T, between the point of disinfec-
tant application and the point where C s measured for the
first section. For subsequent measurements of “C,” T is the
time it takes for water to move from the previoys "C"
measurement point to this point of measurement.

- Calculate CT for each point of residual measurement (CTie)-

- Determine the inactivation ratio (CT

tion.? /€Ty 4) for each sec-

cale

- Sum the inactivation ratios for each section, i.e. C,T, /LTy,
+ C,T,/CTyg 4 + CT /CT,, o to determine the total inactivation
ratio.

If the total inactivation ratio (sum (CT, /CTV.. .)) is equal to or greater
than 1.0, the system provides greater than 99.9 percent inactivation of
Giardia cysts), and the system meets the disinfection performance re-
quirement. Further explanation of CT calculations is presented in Section
3.2.2.

Systems need only calculate one CT (CT , ) each day, for a point at
or prior to the first customer; alternatively they have the option of cal-
culating numerous CTs after the point of disinfectant application but
priar to the first customer to determine the inactivation ratio. Profil-
ing the residual gives credit for the higher residuals which exist after
the disinfectant is applied but before the first customer. Profiling the
residual may not be necessary if one CT is calculated (CT ), and this
exceeds the applicable CT,, .. In this case, the system is meeting the
disinfection performance requirement. For systems with a very low oxidant
demand in the water and long contact times, this approach may be the most
practical to use.

For systems with multiple points of disinfectant application, such
as ozone followed by chlorine, or chlorine applied at two different points
in the treatment train, the inactivation ratio of each disinfectant

2 €T, , is the CT value required to achieve 99.9 percent or 3-log Giardia
cyst inactivation for the conditions of pH, temperature and residual
concentration for each section. A section is the portion of the system
with a measurable contact time between two points of disinfection

application or residual monitoring.
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section prior to the first customer is used to determine the total
inactivation ratio. The disinfectant residual of each disinfection
section and the corresponding contact time must be measured at some point
prior to the subsequent disinfection application point(s) to determine the
inactivation ratio for each section, and whether the total inactivation
ratio is 1.0 or more. For example, if the first disinfection section
provided an’inactivation ratio of 2/3 (or 99 percent inactivation) and the
second disinfection section provided an inactivation ratio of 1/3 (or 90
percent inactivation), the total inactivation ratio would equal 1.0 (2/3
+ 173 = 1) indicating that 99.9% inactivation was provided and the
disinfection requirements are met. Further explanation of the determina-
tion of total inactivation provided is contained in Section 3.2.2.
aintaining I ivation Level

The SWTR establishes CTs for chlorine, chlorine dioxide, ozone and
chloramines which will achieve 3-log inactivations of Giardia cysts and
at least 4-log inactivation of viruses. Appendix E presents CTs for these
and other log inactivations. A system must demonstrate compliance with
the inactivation requirements based on conditions occurring during peak
hourly flow. Since a system generally can only identify peak hourly flow
after it has occurred, hourly residual measurements during the day are
suggested. If the sampling points are remote, or manpower is limited and
collection of hourly grab sampies is impractical, continucus monitors may
be installed. In cases where continuous monitors are impractical, the
Primacy Agency may establish an acceptable monitoring program on a
case-by-case basis; where possible this should be based on historical flow
patterns., Measurements for the hour of peak flow can then be used in
calculating CT. The pH (for systems using chlorine) and temperature must
be determined daily for each disinfection sequence prior to the first
customer,

Since the system’'s inactivation is determined during peak hourly
flow, the disinfectant dosage applied to meet CT requirements may not be
necessary during lower flow conditions. Continuing to apply a disinfec-
tant dosage based on the peak hourly flow could possibly result in
increased levels of disinfectant by-products, ircluding TTHMs and
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increased costs, Under lower flow conditions, a higher contact time is
available and a lower residual may provide the CT needed to meet the
inactivation requirements. The system may therefore choose to adjust the
disinfectant dose with changes in flow. The system should, however,
maintain a disinfectant residual which will still provide a 3-log
inactivation of Giardia cysts and a 4-log inactivation of viruses at
non-peak hourly flows. The system should therefore evaluate the residual
needed to provide the required inactivation under different flow
conditions and set the dosage accordingly. The following provides an
example of maintaining the required inactivation.

Example

A 5 mgd non-filtering system disinfecting with free chlorine at one
point of application, has a contact time of 165 minutes during a peak flow
of § MGD. The flow varies from 1 to 5 MGD. The pH and temperatures of
the water are 7 and 5 C, respectively. At a residual of 0.9 mg/L, a CT
of 148 mg/L-min is vrequired to meet the disinfection requirements. The
CT for 0.9 mg/L residual is determined by straight line interpolation
between 0.8 mg/L and 1.0 mg/L residuals. Under lower flow conditions, the
available contact time is longer and a lower residual would provide the
required disinfection. Based on existing contact time and using the
appropriate CT tables (in this case, Table €-2) in Appendix E for a 3-log
Giardia cyst inactivation, the required disinfection would be provided by
maintaining the following chlorine residuals for the indicated flow:

Contact CT (mg/L-min) Free Chlorine
Elow (MGD) —Required
5 165 148 0.9
4 206 145 0.7
3 275 143 0.6
2 412 139 0.4
1 825 139 0.2

This table indicates the variation of residuals needed for the
systea to provide the required inactivation. For chlorine, the disinfec-
tant residual cannot be adjusted in direct proportion to the flow because-
the CT needed for disinfection s dependent upon the residual. Since it
is not practical to continuously adjust the residual and, since a
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disinfection level for a 3-log Giardia c¢yst inactivation must be
maintained under al1 flow conditions, it is suggested that the flow
variation at the wtility be divided into ranges and the residual needed
at the higher flow rate of each range be maintained for ail flows within
the range to ensure the required disinfection. The following flow ranges
and residuals are suggested for the system:
Free Chlorine
flow Range {MGD) i

1.9
3.9
5

£ B
LI T
oS00
O Oh e

8y maintaining these residuals, the utility is ensuring the provision of
the required disinfection while minimizing the disinfectant application,
which should result in lower disinfection by-products and costs.

Although these residuals will meet the imactivation requirements,
maintaining a residual in the distribution system must also be considered.
If no other point of disinfection exists prior to the distribution system,
the residual for disinfection must be maintained at a level which will
also provide a residual throughout the distribution system. The complete
range of flows occurring at the plant should be evaluated for determining
the required residual. A utility may establish the residual requirements
for as many flow ranges as is practical.

The CTs determined from the daily system data should be compared to
the values in the table for the pH and temperature of the water, to
determine if the required CT has been achieved. Only the analytical
methods prescribed in the SWTR, or otherwise approved by EPA, may be used
for measuring disinfectant residuals. Methods prescribed in the SWTR are
listed in Appendix D. The Appendix also contains a paper which describes
monitoring methods for various disinfectants and conditions.

The Primacy Agency should make periodic checks on its utilities to
assure that they are maintaining adequate disinfection at non-peak flow
conditions.
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h ivati iremen i in

When free chlorine is used as a disinfectant, the efficiency of
inactivation is influenced by the temperature and pH of the water. Thus,
the measurement of the temperatyre and pH for the determination of the CT
is required. The SWTR provides the CT requirements for free chlorine at
various temperatures and pHs which may occur in a source water. These
values are presented in Table E-1 through Table E-7 in Appendix E. The
basis for these values is discussed in Appendix F. For free chlorine, a
3-log inactivation of Giard{a cysts will provide greater than a 4-log
inactivation of viruses, thus meeting the SWTR inactivation requirements.

As indicated in Table £-2, a raw water temperature of 5 C, a pH of
7.0, and a residual chlorine concentration of 1.4 mg/L require a CT of
155 mg/L-min to provide a 3-log inactivation of Giardia cysts. Therefore,
to meet the inactivation requirement under these conditions with one point
of residual measurement, a contact time of 111 minutes [(155 mg/L-min)/
(1.4 mg/L)] prior to the first customer would be required.

Meeting the Inactivation Requirement Using Chloramines

Chloramines are a much weaker oxidant than free chlorine, chiorine
dioxide and ozone. The CT values for chloramines presented in Table E-12
are based on disinfection studies using preformed chloramines and in vitro
excystation of Giardia muris cysts (Rubin, 1988). MNo safety factor was
applied to the laboratory data on which the CT values were based since EPA
believes that chloramination, conducted in the field, is more effective
than using preformed chloramines.

In the laboratory testing using preformed chloramines, ammonia and
chlorine were reacted to fors chloramines before the addition of the
microorganisms. Under field conditions, chlorine is usually added first
followed by ammonia addition further downstream. Also, even after the
addition of ammonia, some free chlorine residual may persist for a period
of time. Therefore, free chlorine is present for a period of time prior
to the formation of chloramines. Since this free chlorine contact time
fs not duplicated in the laboratory when testing with prefonned
chloramines, the CT values obtained by such tests may provide conservative
values when compared to those CTs actually obtained in the field with
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chlorine applied before ammonia. Also, other factors such as mixing in
the field (versus no mixing in the laboratory) may contribute to
disinfection effectiveness. For these reasons, systems using chloramines
for disinfection may demonstrate effective disinfection in accordance with
the procedure in Appendix G in lieu of meeting the CT values in Appendix
E.

If a system uses chloramines and is able to achieve the CT values
for 99.9 percent inactivation of QGjardia cysts, it is not always
appropriate to assume that 99.99 percent or greater inactivation of
viruses was also achieved. New data indicate that Hepatitis A virus is
more sensitive than Giardia cysts to inactivation by preformed chloramines
(Sobsey, 1988). The CT values required to achieve 99.99 percent
inactivation of Hepatitis A with preformed chloramines are lower than
those needed to achieve 99.9 percent inactivation of Giardia cysts. These
data contrast with other data which indicate that rotavirus is more
resistant than Giardia cysts to preformed chloramines (Hoff, 1986).’
However, rotavirus is very sensitive to inactivation by free chlorine,
much more so than Hepatitis A (Hoff, 1986;' Sobsey, 1988). If chlorine is
applied prior to ammonia, the short term presence of free chlorine would
be expected to provide at least 99.99 percent inactivation of rotavirus
prior to the addition of ammonia and subsequent formation of chloramines.
Thus, EPA believes it is appropriate to use Hepatitis A data, in lieu of
rotavirus data, as a surrogate for defining minimum CT values for
inactivation of viruses by chloramines, under the condition that chlorine
is added to the water prior to the addition of ammonia.

A system which achieves a 99.9 percent or greater inactivation of
Giardia cysts with chloramines can be considered to achieve at least 99.99
percent inactivation of viruses, provided that chlorine is added to the
water prior to the addition of ammonia. Table E-13 provides CT values for

CT values in excess of 5,000 are required for a 4-log inactivation of
rotavirus by preformed chloramines but no minimum CT values have been
determined.

CT values ranging from 0.025 to 2.2 achieve 99 percent inactivation of
rotavirus by free chlorine at pH = 6 -10 and 4 - 5°C (Hoff, 1986).
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achieving different levels of virus inactivation. However, if ammonmia is
added first, the CT values in the SWTR for achieving 99.9 percent
inactivation of Giardia cysts cannot be considered adequate for achieving
99.99 percent inactivation of viruses.

Under such cases of chloramine production, the SKTR requires systems
to demonstrate through on-site challenge studies, that the system is
achieving at least a 4-log inactivation of viruses. Guidance for
conducting such studies is given in Appendix G. Once conditions for
achieving a 4-log inactivation of viruses has been established, the
Primacy Agency should require systems to report their disinfection
operating conditions on an ongoing basis. These conditions should verify
that the system is operating at CT values in excess of that needed to
achieve a 4-log virus inactivaticn or 3-log Giardia cyst inactivation,
whichever is higher.

Meeting the [nactivation Requi t Using Chlorine Dioxid

Under the SWTR, the CT values for the inactivation of Giardia cysts
using chlorine dioxide are independent of pH. Under the SWTR the only
parameter affecting the CT requirements associated with the use of
chlorine dioxide is temperature, Table E-8 in Appendix E presents the
chlorine dioxide CT values required for the inactivation of Giardia cysts
at different temperatures. The basis for these CT values is discussed in
Appendix F. Systems which use chlorine dioxide are not required to
measure the pH of the disinfected water for the calculation of CT. For
chlorine dioxide, a 3-log inactivation of Giardia cysts will generally
result in greater than a 4-log virus inactivation, and assure meeting the
SWTR inactivation requirements. However, for chlorine dioxide, untike
chlorine where this relationship always holds true, at certain tempera-
tures, the 4-log virus CTs may be higher than the 3-log Giardia cyst CTs.

The Primacy Agency may allow lower CT values than those specified
in the SWTR for individual systems based on information provided by the
systes. Protocols for demonstrating effective disinfection at lower CT
values is provided in Appendix G. )

As indicated in Tables £-8 and £-9, the CT requirements for chlorine
dioxide are substantially lower than those required for free chlorine.
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However, chlorine dioxide is not as stable as free chlorine or chloramines
in a water system and may not be capable of providing the required
disinfectant residual throughout the distribution system. In addition,
out of concern for toxicological effects, EPA's current guideline is that
the sum of the chlorine dioxide, chlorate and chlorite residuals, be less
than 1.0 mg/L at all consumer taps. This guideline may be lowered as more
health effects data become available. These concerns further reduce the
feasibility of using chlorine dioxide as a secondary disinfectant for
distribution systems. Therefore, the use of chlorine dioxide as a primary
disinfectant may result in the need for the appiication of a secondary
disinfectant, such as chlorine or chloramines, that will persist in the
distribution system and provide the required residual protection.

teeting the I {vation Regui Using ©

A third disinfectant to inactivate Giardia cysts and viruses is
ozone. As with chlorine dioxide, under the SWIR, the CT values for ozone
are independent of pH. Tables E-10 and E-11 present the CT requirements
for ozone at different source water temperatures. The SWTR does not
require the measurement of the finished water pH for purposes of CT
calculations. The basis for the CT values for ozone is given in Appendix
F. As for free chlorine, a 3-log Gjardia cyst inactivation with ozone
will result in greater than a 4-log virus {nactivation. The Primacy
Agency may allow lower CT values for individual systems based on
information provided by the system that demonstrates that lower CT values
than those specified in the rule achieve the same inactivation efficien-
cies. Recommended protocol for demanstrating effective disinfection is
provided in Appendix G.

Ozone is extremely reactive and dissipates quickly after applica-
tion. Therefore, a residual® can only be expected to persist a short time

(Bader & Hoigne, 1981? or automated methods which are calibrated in
reference to the resu Q
on a regular basis as determined by the Primacy Agency. The Indigo
Trisulfonate method §s included in the 17th Edition o

The residual must be measured using the Indigo Trisulfonate Method

ts obtained by the Indigo Trisulfonate method,

This method is preferable to current standard methods because of the
selectivity of the indigo-reagent in the presence of most interferences
found in ozonated waters. Indigo trisulfonate is the indicator used
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after application. In addition to this, the application of ozone to water
is dependent on mass transfer. For these reasons, the method of CT
determination used for the other disinfectants is impractical for ozone.
The CTcalc must be determined for the ozene basin alone. The portion of
the ozone basin where the ozone is applied will be referred to as the
contactor, and the portion of the basin where ozone is no longer applied
will be referred to as the reactor.

For many ozone contactors, the residual in the contactor will vary
in accordance with the method and rate of application, and there will be
a portion of the contactor which does not contain an ozone residual. As
previously indicated, the CT value is based on the presence of a known
residua) during a specific contact time. Thus disinfection credit is only
provided for the time, T . = during which a residual is present. The
method of monitoring the residual will have an impact on the determination
of the CT for each basin, thereby affecting the disinfection credit.

In addition to the difficulty in determining the ozone residual for
the CT calculation, the contact time will vary between basins depending
on their configuration. Several types of devices are available for adding
ozone to water including porous diffusers, submerged turbines, injector,
packed towers and static mixers. Each type of device can be used in
either single or multiple chamber contactors. The flow through a single
chamber turbine unit will approximate a completely mixed unit, while flow
through a single chamber diffused contactor, or a multiple chamber
diffused contactor, will more closely represent plug flow. However, the
contact time for the contactor should be determined through a tracer study

in this test method. The ozone degrades an acidic solution of indigo
trisulfonate in a 1:1 proportion. The decrease in absorbance is linear
with increasing ozone concentrations over a wide range. Malonic acid
can be added to block interference from chlorine. Interference from
permanganate, produced by the ozonation of manganese, is corrected by
running a blank in which ozone {s destroyed prior to addition of the

indigo reagent. The samples can be analyzed using a sgectrophotameter
at a 600 nm wavelength which can detect residuals as

ow a3 2 ug/L or

a2 visual color comparison method which can measure down to 10 ug/L
ozone, Although currently available monitoring probes do not use the

Indigo Trisulfonate Method, they can be calibrated via this method.
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or an equivalent method as approved by the Primacy Agency with air or
oxygen applied during testing, using the same feed gas and rate as used
during operation. Guidance for the determination of detention time is
inciuded in Appendix C.

A recent survey of operating ozone systems in drinking water
treatment plants in the United States indicated that all 40 plants employ
either bubble diffusers or submerged turbine contactors (Robson et al.
1988). It should be noted that this does not preclude the use of other
types of contactors for disinfection.

The sections on ozone providing guidance for determining CT are
currently being developed and, therefore, are not included in this draft
manual.
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Summary
Many systems which do not provide filtration will have difficylty
in providing the contact time necessary to satisfy the inactivation
requirements prior to the first customer. For example, a system using
free chlorine at a water temperature of 5 C, a pH of 7.0 and a chlorine
residual of 1.4 mg/L would require 111 minutes of contact time to meet the
inactivation requirement. Potential options for these systems include:
- Installation of storage facilities to provide the required
contact time under maximum flow conditions.

- Use of an alternate primary disinfectant such as orone or
chlorine dioxide which has CT vaiues lower than those reguired
for free chlorine for the required inactivation.

For some systems, the difficulty in obtaining the required
inactivation may only be a seasonal problem. A system that has raw water
temperatures which reach 20 C during the summer months at a pHof 7.0, may
have sufficient contact time to meet the CT of 56 mg/L-min (Table E.5) at
a chlorine concentration of 1 mg/L. However, assuming the same pH and
chiorine concentration, it may not have sufficient contact time to meet
the CT requirement at 5 C, 149 mg/L-min (Table E-2), or at 0.5 €,
210 mg/L-min (Table E-1). Under those conditions, a system could choose
to use ozone or chlorine dioxide on a seasonal basis, since they are
stronger disinfectants reguiring a shorter contact time.

As indicated in Table E-12, the CT values for chloramines may be
impractical to attain for most systems. Systems which currently utilize
chloramines as a primary disinfectant may need to use either free chlor-
ine, chlorine dioxide or ozone in order to provide the required disin-
fection. However, systems using chloramines as a primary disinfectant may
chose to demonstrate the adequacy of the disinfection. Appendix G
presents & method for making this demonstration.

Meeting the Inactivatiop Requirement Using Alternate Disinfectants

For systems using disinfectants other than chlorine, chloramines,
chlorine dioxide, or ozone, the effectiveness of the disinfectant can be
demonstrated using the protocol contained {n Appendix 6. The protocol in
Appendix G.3 for batch testing should be followed for any disinfectani
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which can be prepared in an aqueous solution and will be stable throughout
the testing. For disinfectants which are not stable, the pilot study
protocol outlined in Appendix G.4 should be foliowed.

3.2.2 Determination of Overall Inactivation for Residual Profile,

Multiple Disinfectants apnd Multiple Sources

For systems which apply disinfectant(s) at more than one point, or
choose to profile the residual from one point of application, the total
inactivation is the sum of the inactivation ratios between each of the
points of disinfection or between each of the residual monitoring points,
respectively. The portion of the system with a measurable contact time
between two points of disinfection application or residual monitoring will
be referred to as a section. The calculated CT (CT
is determined daily.

The CT needed to fulfill the disinfection requirements is CT, ,
corresponding to a 3-log inactivation of Giardia cysts and greater than
or equal to a 4-log inactivation of viruses (except for chloramines and
sometimes chlorine dioxide as explained in Section 3.2.1). The inactiva-
tion ratio for each section is represented by CT , /CT. ., as explained
in Section 3.2.1, and indicates the portion of the required inactivation
provided by the section. The sum of the inactivation ratios from each
section can be used to determine the overall level of disinfection
provided. Assuming inactivation is a first order reaction, the inac-
tivation ratio corresponds to log and percent inactivations as follows:

1) for each section

Ll edla Log Inactivation Percent Inactjvation

0.17 = 0.5 log - 68 %

0.33 - 1 Jlog - 90%

0.50 . 157 = 96.8%

0.67 . 2 log = 99%

0.83 = 2.5 log = 99.7%

1.00 - 3 log = 99.9%

1.33 = 4 log - 99.99%
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€Ty, o Can be determined for each section by referring to Tables E-i
through €~13 in Appendix E, using the pH (when chlorine is the disinfec-
tant) and temperatures of the water for the respective sections. These

tables present the log inactivation of Giardia cysts and viruses achieved
by CTs at various water temperatures and pHs.

Log inactivations are additive, so:
0.5 109 + 1.0 Log = 1.5 Log or

0.17CT,, 4 + 0.33CT,, , = 0.5CT,, ,

1f the sum of the inactivation ratios is greater than or equal to
one, the required 3-log inactivation of Giardia cysts has been achieved.
An inactivation ratio of at least 1.0 is needed to demonstrate compliance
with the Giardia cyst inactivation requirements for unfiltered systems.

The total log inactivation can be determined by multiplying the sum
of the inactivation ratfos (sum (CT , /CT,, )}, by three. The total log
fnactivation can be determined in this way because CT,, , is equivalent to

a 3-log inactivation. The total percent inactivation can be determined as
follows:

y = 100 - 100 Equation (1)
10'

where: y = % inactivation
x = log inactivation
For example:
x = 3.0 log inactivation
y =100 - IQQ = 99.9 ¥ inactivation
10

As explained in Section 3.2.1, the CT,,, determined for each disin-
fection section {s the product of the disinfectant residual in mg/L and
the detention time in minutes through the section at peak hourly flow.
However, for many water systems, peak hourly flow will not necessarily
occur sieultaneously in all sections. The extent to which the occurrence
of peak hourly flow will vary between sections of the system depends on
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the characteristics of an individual system including its size, storage
capacity within the distribution system, the number of sources, and
hydraulic capacities between different sections. In order to simplify the
determination of peak hourly flow for the system, it should be taken as
peak hourly flow in the last section of the system prior to the first
customer.

The CT values for al} the sections should be calculated for the fiow
and the residuals occurring during the hour of peak flow in the last
section, The most accurate way to determine the flow in a particular
section is through the use of a flow meter. However, some sections of the
system may not have a flow weter. The following guidelines can be used
to determine the flow to be used in calculating CT:

- For sections which do not have meters, the flow should be
assumed to be the higher of the two flows occurring in the
closest upstream and downstream sections with meters.

- In cases where a section contains 2 pipeline and a basin with
the flow meter located prior to the basin, the metered flow
does not represent the discharge rate of the basin. The
difference in inlet and discharge rates from a basin will
impact the water level in the basin. As explained in Appendix
€, falling water levels will result in lower T,, values.

« To assure that the detention time of a basin is not
overestimated, the discharge flow from a basin should
be used in lieu of the influent flow, unless the
influent flow is higher.

- To estimate the discharge flow from a basin the closest
flow meter downstream of the basin should be used.

The following example presents the determination of the total

percent inactivation for multiple points of disinfection, with variation
in flow between sections.

Example

A community of 6,000 peaple obtains its water supply from a lake
which is 10 miles from the city limits. Two 0.2 MG storage tanks are
Jocated along the 12-inch transmission line to the city. The water is
_disinfected with chlorine dioxide at the exit from the lake and with
chlorine at the discharge from the first and second storage tanks. The
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average water demand of the community is | MGD with a peak hourly demand
of approximately 2 MGD. For the calculations of the overall percent
inactivation, the supply system is divided into three sections as shown
on Figure 3-6.

zgﬁiion 1 - from the lake to the discharge from the first storage

Section 2 -~ from the discharge from the first storage tank to the
discharge from the second tank

Section 3 - from the discharge of the second storage tank to the
first customer

The overall inactivation is computed daily for the peak hourly flow condi-
tions. Sections 1 and 3 contain flow meters to monitor the water being
withdrawn from the lake and the water being delivered to the distribution
system as shown on Figure 3-6. On the day of this example calcutation,
the peak hourly flow in section 3 was 2 MG0D. OQuring this hour, water was
being withdrawn from the lake at a rate of 1.5 mgd. Considering the
placement of flow meters, the flow of 2 mgd measured in section 3 should
be used for calculating CT for that section. Since section 2 does not
have a flow meter, the meter in section 3 serves as a measure of the
discharge from storage tank 2 and should be the flow used in the
calculation of CT for section 2. The flow meter in section 1 records the
flow through the transmission main which should be used in the calculation
of CT for the pipeline. However, this meter does not represent the
discharge from storage tank 1. Since the water is being pumped to the
distribution system at a higher rate than the flow entering storage tank
1, the flow of 2 mgd measured in section 3 should be used for calculating
the CT for storage tank 1.

The pH, temperature and disinfectant residval of the water were
measured at the end of each section just prior to the next point of
disinfection and the first custoser during the hour of peak flow. The
water travels through the 12-inch transamission main at 177 ft/min at
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1.5 MGD.® The detention times of the storage tanks were read off the T
vs. Q plots generated from tracer studies conducted on the storage tanks
(see Appendix C). The data for the inactivation calculation are as

follows:
Section | Sectign 2 Section 3
length of pipe (ft) 15,840 26,400 10,560
flow (mgd)
pipe 1.5 2.0 2.0
tank 2.0 2.0
contact time (min)
pipe 89 111 45
tank 116 114 0
total 205 225 45
disinfectant chlorine chiorine chlorine
dioxide
residual (mg/L 0.1 0.2 0.4
temperature (C 5 5 _5
pH 8 8 8

This information is then used in conjunction with the CT, . values in
Appendix E to determine the (CT  /CT . .1 in each section as follows:
Sectiopn } - Chlerine dioxide

Cr_.. -~ 0.1 mg/L x 105 minutes = 20.5 mg/L-min

Lag

3 11

From Table E-8 at a temperature of 5 C and pH = 8,
CTee ¢ is 26 mg/L-min

CT"“‘./CT“ s * ZD-I-S—ML:m-m = 0.79
26 mg/L-min

Section 2 - Chlorine
€T ... = 0.2 mg/L x 225 minutes = 45 ag/L-min

From Table E-2 at a temperature of 5 C and pi = 8,
CTyy I 198 mg/L-nin

CT,, . /CTg9 4 = 45 mo/L-pmin = 0.23
198 mg/L-min

cale

J g.u_ugjammx 1§t X __day = 177 ft/min
A (11t 8) 7.48 gal 1440 win
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Section 3 - Chlorine

CT_... = 0.4 mg/L-min x 45 min = 18 mg/L-min

caic

From Table E-2 at a temperature of 5 C and pH = 8,
CTey , is 198 mg/L-min

CT 1 /CTg o = 18 mg/L-min = 0.09
198 mg/L-min

The sum of CT, /CT, . is equal to 1.11, which is greater than 1,
therefore, the system meets the requirements of providing a 3-log
inactivation of Gjardia cysts. The log inactivation provided is:

X =3 X €l ® 3 x1.11 = 3.33
CTog 4

The percent inactivation can be determined using equation 1. )

y = 100 - mg;; 100 - 100 = 100 - 0.05 = 99.95% inactivation
10 2,138

The system meets the requirement of providing a 99.9 percent inactivation
of Giardja cysts.

The SWTR also requires that the public be provided with protection
from Legionella as well as Gijardia cysts and viruses. Inactivation levels
have not been set for Legionella because the required inactivation of
Giardia cysts will provide protection from Legionella.” However, this
level of disinfection cannot assure that all Legionella will be inacti-
vated and that no recontamination or regrowth in recirculating hot water

7 Kuchta et al. (1983) reported a maximum CT requirement of 22.5 for a

99 percent inactivation of Lgfignglln in a 21 C tap water at a pH of
7.6-8.0 when usin? free chlorine. Using first order kinetics, a 99.9
percent {nactivatio

n requires a CT of 33.8. Table A-5 presents the CTs

needed for free chlorine to achieve a 99.9 percent inactivation of
Giardia cysts at 20 C. This table indicates that the CT required for
a 3-log inactivation of Giardia at the temperature and pH of the

| test ranges from 67 to 108 depending on chlorine residual.
These CT's are two to three times higher than that which is needed to

achieve a 3 log inactivation of Legionella.
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systems of buildings or cooling systems will occur. Appendix B provides
guidance for monitoring and treatment to control Legionella in institu-
tional systems,

The above discussion pertains to a system with one source with
sequential disinfection. Another system may blend more than one source,
and disinfect one or more of the sources independently prior to blending.
System conditions which may exist include:

- All the sources are combined at one point prior to supplying
the community but one or more of the sources are disinfected
prior to being combined, as shown on Figure 3-7.

- Each source is disinfected individually and enters the
distribution system at a different point, as shown on
Figure 3-8.

For all systems combining sources, the first step in determining the
CT should be to determine the CT ,, provided from the point of blending
closest to the first customer using the contact time and residual at peak
hourly flow for that portion of the distribution system. This corresponds
to section D on Figure 3-7 and section E on Figure 3-8. If the CT for
section D or E provides the required inactivation, no additional CT credit
is needed and no further evaluation is required. However, if the CT for
section D or £ is not sufficient to achieve the required inactivation,
then the inactivation ratio (C7 ,,.)/(CT ;) should be determined for each
section to determine the overall inactivation provided for each source.
The total inactivation must be greater than or equal to one for all
sources in order to comply with the requirements for 3-log inactivation
of Giardia cysts.

On Figure 3-7, sections A, B, C and D contain sampling points a, b,
¢ and d, respectively. The sum of the inactivation ratios for sections
A+D, B+D and C+D must each be greater than or equal to one for the
disinfection requirements to be met.

The total inactivation for each source on Figure 3-7 should be
determined as follows:

ource 1

- Determine CT,, for sections A and D based on the residual
measurements af sample points a and d, and the travel time
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through each section under peak hourly flow conditions for the
respective section,

Determine CT . , for the pH and temperature conditions in each
section using the tables in Appendix E

Calculate the inactivation ratios (CT, /CT, ) for sections
A and D.

Calculate the sum of the inactivation ratios for sections A
and 0 to determine the total inactivation for source 1.

If the sum of the inactivation ratios is greater than or equal
to 1.0, the system has provided the required 3-log Giardia
cyst inactivation.

Determine CT ., for section B based on the residual measured
at sample point b and the travel time through the section
under peak hourly flow conditions.

Determine CT, . for section B for the pH and temperature
conditions in the section using the appropriate tables in
Appendix E.

Calculate the inactivation ratio (CT,,, /CT,, .} for section B,

Add the inactivation ratios for sections 8 and D to determine
the total inactivation for source II.

If the sum of the inactivation ratios is greater than or equal

to 1.0, the system has provided the required 3-log Giardia
cyst inactivation for the source.

ODetermine CT . for section C based on the residual measured
at sample point ¢ and the travel time through the section
under peak hourly flow conditions.

Determine CT, . for section C for the pH and temperature
conditions in the section using the appropriate tables in
Appendix E.

Calculate the inactivation ratio (CT ,, /CT,, ;) for section C.

taile

Add the inactivation ratios for sections C and 0 to determine
the total inactivation for Source III.
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- If the sum of the inactivation ratios is greater than or equal
to 1.0, the system has provided the required 3-log Giardia
cyst inactivation for the source.

The determination of the total inactivation for each source may
require more calculations for systems such as that on Figure 3-8 than on
Figure 3-7. On Figure 3-8 sections A, B, C, D, and E contain sampling
points a, b, ¢, d, and e respectively. In order to minimize the
calculations needed, the determination of the total inactivation should
begin with the source closest to the first customer.

The total inactivation for each source or. Figure 3-8 should be
determined as follows:

Source [I1

- Determine CT ,  for sections C and E based on the residual
measurement at sample points ¢ and e and the defention time
in each section under peak hourly flow conditions for the
respective section.

- Determine CT,, , for the pH and temperature conditions in each
section using the tables in Appendix E.

- Calculate the inactivation ratios (CT,, /CT, ,) for sections

C and E.

- Calculate the sum of the inactivation ratios for sections C
and E to determine the total inactivation for source III.

- If the sum of the inactivation ratios is greater than or equal
to 1.0, the system has provided the required 3-log Giardia
cyst inactivation for source III.

- Determine CT ,  for section D based on the residual measured
at sample poﬁn{ d and the detention time through the section
under peak hourly flow conditions.

- Determine CT, . for section D for the pH and temperature
conditions in the.section using the appropriate tables in
Appendix E.

- Calculate the inactivation ratio (CT,,, /CT, ,) for section D.

- Add the inactivation ratios for sections D and E to determine
the overall inactivation.
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Source [

If the sum of the inactivation ratios is greater than or equal
to 1.0, the system has provided the required 3-log Giardia
cyst inactivation for source II, as well as source | since the

water from each of these sources are combined prior to
sections D and E.

If the total inactivation ratio for sections D and E is less
than 1.0, additional calculations are needed. Proceed as
follows for source II.

Determine CT . for section B based on the residual measured
at sample polnf b and the detention time through the section
under peak hourly flow conditions.

Determine CT,, . for section B for the pH and temperature
conditions in the section using the appropriate tables in
Appendix E.

Calculate the inactivation ratio (CT /CTy, 4) for section B.

tate

Add the inactivation ratios for sections B, D and E to
determine the total inactivation for source II.

If the sum of the inactivation ratios is greater than or equal

to 1.0, the system has provided the required 3-log Giardia
cyst inactivation for the source.

As noted in the determination of the inactivation provided for
source II, if the sum of the inactivation ratios for sections D and E is
greater than or equal to 1.0, the system has provided the required 3-log
Giardia cyst inactivation. However, if this sum is less than 1.0
additional calculations will be needed to determine the overall inactiva-
tion provided for source I. The calculations are as follows:

Soyrce 1

Determine CT = for section A based on the residual measured
at sample pofhf a and the detention time in the section under
peak hourly flow conditions.

Determine CT, . for section A for the pH and temperature
conditions in the section using the appropriate tables in
Appendix E.

Calculate the inactivation ratio (CT,,,./CT,, ) for section A.

cale
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- Add the inactivation ratios for sections A, D, and £ to
determine the total inactivation for source I.

= If the sum of the inactivation ratios is greater than or equa)
to 1.0, the system has provided the required 3-log Gjardia
cyst inactivation for the source.

3.2.3 Demonstration of Maintaining a Residual

The SWTR establishes two requirements concerning the maintenance of
a residual. The first requirement is to maintain a minimum residual of
0.2 mg/L entering the distribution system. The second is to maintain a
detectable residual throughout the distribution system. The disinfectant
used to meet these requirements is identified as the secondary disinfec-
tant throughout the remainder of this document. These requirements are
further explained in the following sections.

ini i i h

To avoid filtration, the disinfectant residual in water entering the
distribution system cannot be less than 0.2 mg/) for more than four hours,
with one exception noted below. Systems serving more than 3,300 persons
must monitor continuously. If there is a failure in the continuous
monitoring equipment, the system may substitute grab sampling every four
hours for up to five working days following the failure of the equipment.
Systems serving 3,300 or fewer peopie may monitor continuously or take
grab samples at the frequencies prescribed below:

System Size by Population Samples/day*
<500 1
501-1,000 2
1,001-2,500 3
2,501-3,300 4

*Samples cannot be taken at the same time.
The sampling intervals are subject to Primacy Agency review and
approval,

If at any time the residual disinfectant concentration falls below 0.2
mg/1 in a systea using grab sample monitoring, the system must continue
to take a grab sample every four hours until the residual disinfectant
concentration {s equal to or greater than 0.2 mg/1. For all systems, if
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the residual concentration is not restored to at least 0.2 mg/1 within
four hours after a value of less than 0.2 mg/1 is observed, the system is
in violation of a treatment technique requirement, and must instal)
filtration. However, if the Primacy Agency finds that the exceedance was
caused by an unusual and unpredictable circumstance, the Primacy Agency
may choose not to require filtration. EPA expects Primacy Agencies to use
this provision sparingly; it is intended to encompass catastrophic events,
not infrequent large storm events. In addition, any time the residual
concentration falls below 0.2 mg/1, the system must notify the Primacy
Agency. Notification must occur as soon as possible, but no later than
the end of the next bysiness day. The system also must notify the Primacy
Agency by the end of the next business day whether or not the residual was
restored within four hours.

Failure of a monitoring or reporting requirement does not trigger
a requirement to filter although they are violations.

ini Resi Wi

To avoid filtration, the disinfectant residual in the distribution
system cannot be undetectable in more than five percent of the samples in
a month, for any two consecutive months that the system serves water to
the public. Systems may measure HPC instead of disinfectant residual.
Sites with HPC concentrations of less than or equal to 500/ml are
considered equivalent to sites with detectable residuals for the purpose
of determining compliance. Public water systems must monitor for the
presence of a disinfectant residual (or HPC levels) at the same frequency
and locations as total coliform measurements taken pursuant to the Total
Coliform Rule. However, if the Primacy Agency determines, based on site-
specific considerations, that a system has no means for having a sample
transported and analyzed for HPC by a certified laboratory within the
requisite time and temperature conditions (Method 907, APHA, 1985), but
that the system is providing adequate disinfection in the distribution
systea, this requirements does not apply to that system.

For systems which use both surface and ground water sources, the
Primacy Agency may allow the system to take disinfectant residual or HPC
samples at points other than the total coliform sampling locations if it
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determines that such points are more representative of treated (disin-
fected) water quality within the distribution system.

Disinfectant residual can be measured as total chlorine, free
chlorine, combined chlorine or chlorine dioxide (or HPC level). The SWIR
Tists the approved analytical methods for these analyses. For example,
several test methods can be used to test for chlorine residual in the
water, including amperometric titration, OPD colorimetric, OPD ferrous
titrimetric method and iodometric method, as described in the 16th Edition
of Standard Methods.®? Appendix D provides a review and summary of
available techniques to measure disinfectant residuals.

If a system fails to maintain a detectable disinfectant residual or
an HPC level of less than or equal to 500/ml in more than 5 percent of the
samples during a month, for any two consecutive months the system serves
water to the public, the system is in violation of a treatment technique
requirement. In addition, this system must install filtration unless the
Primacy Agency determines that the violation was not due to a deficiency
in treatment of the source water (e.g., the violation was due to a
deficiency in the distribution system, such as cross-connection contamina-
tion or failure in the pipeline).

The absence of a detectable disinfectant residual in the distribu-
tion system may be due to a number of factors, including:

- Insufficient chlorine applied at the treatment plant

- Interruption of chlorination

- A change in chlorine demand in either the source water or the
distribution system

- Llong standing times and/or, long transmission distances

$  Also, portable test kits are available which can be used in the field
to detect residual upon the approval of the Primacy Agency. These kits
may employ titration or colorimetric test methods. The colorimetric
kits employ either a visual detection of a residual through the use of
a color wheel, or the detection of the residual through the use of a

hand held spectrophotometer.
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Available options to correct the problem of low disinfectant
residuals in distribution systems include:

- Routire flushing
- Increasing disinfectant doses at the plant

- Cleaning of the pipes (either mechanically by pigging or by
the addition of chemicals to dissolve the deposits) in the
distribution system to remove accumulated debris which may be
exerting a disinfectant demand:

- Flushing and disinfection of the portions of the distribution
system in which a residual is not maintained; or

- Installation of satellite disinfection feed facilities within
the distribution system.

For systems unable to maintain a residual, the Primacy Agency may
determine that it is not feasible for the system to monitor WPC and judge
that disinfection §s adequate based on site-specific conditions.

Additional information on maintaining a residual in the system is
available in the AWWA Manual of Water Supply Practices and Water
Chlorination Principles and Practices.

3.2.4 Disinfection System Redundancy

Another requirement for unfiltered water supply systems is
disinfection facility redundancy. A system providing disinfection as the
only treatment is required to assure that the water delivered to the
distribution system is continuously disinfected. The SKTR requires either
redundant disinfection equipment with auxiliary power and automatic
start-up and alarm; or an automatic shutoff of delivery of water to the
distribution system when the disinfectant residual level drops below 0.2
mg/L. In order to fulfill the requirement of providing redundant
disinfection facilities, the following system is recommended:

= A1l components have backup units with capacities equal to or
greater than the largest unit on-line.

- A minimum of two storage units of disinfectant which can be
used alternately - e.g., two cylinders of chlorine gas, two
tanks of hypochlorite solution
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= Where the disinfectant is generated on.site, such as ozone,

backup units with a capacity equal to or greater than that of
the largest unit on-line.

- Automatic switchover equipment to change the feed from one

storage unit to the other before the first empties or becomes
inoperable

- 'Feed systems with backup units with capacities equal to or
greater than the largest unit on-line.

-  An alternate power supply such as a standby generator with the
capability of running all the electrical equipment at the
disinfection station. The generator should be cn-site and
;un?tional_with the capability of automatic start-up on power

ailure

Systems providing disinfection may have several different configura-
tions for type and location of disinfectant application. The following
guidelines are provided to assist Primacy Agencies and utilities in
determining the need for redundancy. Possible disinfection configurations
inciude:

- one disinfectant used for primary and secondary disinfection

- one point of application
- muiltiple points of application

- two different disinfectants used for primary and secondary
disinfection

In many cases one disinfectant will be used to fulfill both the
total inactivation and residual requirements. One or more application
points may be used to accomplish this. When one application point is used
to meet both the primary and secondary disinfection requirements, the
system {s required to include redundant disinfection facilities.

When multiple points of application are used, redundancy is
recomnended for the disinfection facilities at each point of application
which is essential to mseet the total inactivation requirements. In
addition, to assure the maintenance of a residual entering and throughout
the distribution system, either:

- the last point of application prior to the distribution system
should have redundancy, or
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- the point of application immediately prior to this point
should have redundancy and sufficient capacity to assure a
residual entering the distribution system.

Systems may also use two different disinfectants, one to fulfill the
inactivation requirements and the second to maintain a residual. An
example of this would include a system using ozone as a primary disinfec-
tant and chloramines as a secondary disinfectant. EPA recommends that:

- the disinfection facilities at each point of disinfectant
application in the primary system essential in providing the
overall inactivation requirements include redundancy, and

- the secondary disinfection facilities include redundancy,
unless the disinfectant used for primary disinfection can
provide a residual for the distribution system as well, If
the primary disinfectant can be used for residual maintenance,
the last point of primary disinfectant application should
include redundancy and sufficient capacity to assure a
residual entering the distribution system.

Appendix I contains more specific information to assist the Primacy
Agency in establishing requirements for providing redundant disinfection
facilities,

Providing automatic shutoff of water delivery requires approval by
the Primacy Agency. The Primacy Agency must determine that this action
will not result in an unreasonable risk to health or interfere with fire
protection. This determination should include the evaluation of the
system configuration to protect against negative pressures in the system,
and providing for high demand periods including fire flow requirements.
Automatic shutoff should be allowed only {f systems have adequate

distributfon system storage to maintain positive pressure for continued
water use.
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3.3 TE- F N

In addition to meeting source water quality criteria and disinfec-
tion criteria, nonfiltering systems using surface water supplies must meet
the following criteria:

Maintain a watershed control program

Conduct a yearly on-site inspection

Determine that no waterborne disease outbreaks have occurred
Comply with the revised annual total coliform MCL

Comply with TTHM re%ulations (currently applies to systems
serving >10,000 people)

Guidelines for meeting these other criteria are presented in the follow-
ing sections.

3.3.1 MWatershed Control Program

A watershed control program is a surveillance and monitoring program
which is conducted to protect the quality of a surface water source. An
aggressive and detailed watershed control program is desirable to
effectively limit or eliminate potential contamination by human viruses.
A watershed program may impact parameters such as turbidity, certain
organic compounds, viruses, total and fecal coliforms, and areas of wild-
life habitation. However, the program is expected to have little or no
impact on parameters such as naturally occurring inorganic chemicals.
Limiting human activity in the watershed may reduce the likelihood of
animals becoming infected with pathogens and thereby reduce the transmis-
sion of pathogens by wildlife. Preventing animal activity near the source
water intake prior to disinfection may also reduce the likelihood of
pathogen occurrence at the intake.

The effect of a watershed program is difficult to quantify since
many variables that influence water quality are beyond the control or
knowledge of the water supplier. As a result, the benefit of a watershed
contro) program or specific control measures eust in many cases be based
on accumulated cause and effect data and on the general knowledge of the
impact of control measures rather than on actua) quantification. The
effectiveness of a program to limit or eliminate potential contamination
by human viruses will be determined based on: the comprehensiveness of
the watershed review; the ability of the water systea to effectively carry
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out and monitor the management decisions regarding control of detrimental
activities occurring in the watershed; and the potential for the water
system to maximize land ownership and/or control of land use within the
watershed. According to the SWTR, a watershed control program should
include as a minimum:
- A description of the watershed including its hydrology and
land ownership

- ldentification, monitoring and control of watershed character-
istics and activities in the watershed which may have an
adverse effect on the source water quality

- A program to gain ownership or control of the land within the
watershed through written agreements with land owners, for the
purpose of controlling activities which will adversely affect
the microbiological quality of the water

- An annual report which identifies special concerns in the
watershed and how they are being handled, identifies
activities in the watershed, projects adverse activities
expected to occur in the future and how the utility expects
to address them.

Appendix J contains a more detailed guide to a comprehensive
watershed program.

In preparing a watershed control program, surface water systems
should draw upon the State watershed assessments and nonpoint source (NPS)
pollution management programs required by 5319 of the Clean Water Act.
Information on these programs is available from State water quality
agencies or EPA's regional offices. Assessments identify NPS pollutants
in water and assess the water quality. Utilities should use the
assessments when evaluating pollutants in their watershed. Surface water
quality assessments can also be obtained from the lists of waters prepared
under $304(1) of the Clean Water Act, and State biennially prepared
S305(b} reports.

State NPS management programs identify best management practices
(BMPs) to be eaployed in reducing NPS pollution. These management
programs can be incorporated in the watershed progras to protect against
degradation of the source water quality.
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For systems using ground water sources under the 1influence of
surface water, the control measures delineated in the Wellhead Protection
(WHP) program encompass the requirements of the watershed control program,
and can be used to fulfill the requirements of the watershed contro)
program. Guidance on the content of State Wellhead Protection Programs
and the delineation of wellhead protection areas is given in: "Guidance
for Applicants for State Wellhead Protection Program Assistance Funds
Under the Safe Drinking Water Act,* June, 1987, and "Guidelines for
Delineation of Wellhead Protection Areas,® June, 1987, available from the
EPA office of Ground-Water Protection (WH-550G).

As a minimum, the WHP program must:

- Specify the duties of State agencies, local governmental
entities and public water supply systems with respect to the
development and implementation of Programs;

- Determine the wellhead protection area (WHPA) for each
wellhead as defined in subsection 1428(4& based on all
reasonably available hydrogeologic information, ground-water
flow, recharge and discharge and other information the State
deems necessary to adequately determine the WHPA;

- Identify within each WHPA all potential anthropogenic sources
of contaminants which may have any adverse effect on the
health of persons;

- Describe a program that contains, as appropriate, technical
assistance, financial assistance, implementation of control
measures, education, training and demonstration projects to
protect the water supply within WHPAs from such contaminants;

- Present contingency ?lans for locating and providing alternate
drinking water supplies for each public water system in the
event of well or wellfield contamination by such contaminants;

- Consider all fotential sources of such contaminants within the
expected wellhead area of a new water well which serves a
public water supply system; and

- Provide for public participation.

3.3.2 On-site Inspection

The watershed control program and on-site inspection are inter-
related preventive strategies. On-site inspection is actually a program
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which includes and surpasses the requirements of a watershed program,
While the watershed program is mainly concerned with the water source,
on-site inspection includes some additional requirements for source water
quality control and is also concerned with the disinfection facilities.
As defined by the EPA, an on-site inspection includes review of the water
source, disinfection facilities and operation and maintenance of a public
water system for the purpose of evaluating the adequacy of such systems
for producing safe drinking water.

The SWTR requires an annual on-site inspection to evaluate the
watershed control program and disinfection facilities. The inspection
must be performed by a party approved by the Primacy Agency. The inspec-
tion should be conducted by competent individuals such as sanitary and
civil engineers, sanitarians, and technicians who have experience and
knowledge in the cperation, maintenance, and design of water systems, and
who have a sound understanding of public health principles and waterborne
diseases. Guidance for the contents of an inspection are included in the
following paragraphs. Appendix K presents guidelines for a sanitary
survey which includes and surpasses the requirements of an on-site
inspection,

As the first step in determining which SWTR requirements, if any,
a source is subject to, EPA recommends that utilities conduct a detailed,
comprehensive sanitary survey. Appendix K presents a comprehensive list
of water system features that the person conducting the survey should be
aware of and review as appropriate. This initial investigation estab-
lishes the quality of the water source, its treatment and delivery to the
consumer. EPA recommends that this comprehensive evaluation be repeated
every three years for systems serving 4,100 people or less and every five
years for systems serving more than 4,100 people. Also, under the Total
Coliform Rule, ground water systems which take less than 5 coliform
samples per month must conduct such sanitary surveys within every 5 or 10
years depending upon whether the source is protected and disinfected.

The annual on-site inspection to fulfill the SWTR requirements
should include as a minimum:
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Source Evaluation

Review the effectiveness of the watershed control
program (Appendix J}.

Review the physical condition and protection of the
source intake.

Review the maintenance program to insure that all
disinfection equipment is appropriate and has received
regular maintenance and repair to assure a high
operating reliability.

Treatment Evaluation

a.

Review improvements and/or additions made to disinfec-
tion processes during the previous year to correct
deficiencies detected in earlier surveys.

Review the condition of disinfection equipment.

Review operating procedures.

Review data records to assure that all required tests
are being conducted and recorded and disinfection is
effectively practiced (CT calculations should be spot
checked to ensure that they were done correctly).

Identify any needed improvements in the equipment,
system maintenance and operation, or data collection.

In addition to these requirements, a periodic sanitary survey is
recommended for all systems, including those with filtered and unfiltered
The sanitary survey should include the items listed in ! and
2 above as well as:

Distribution System Evaluation

supplies.

3'

a.

b.

c.

Review the condition of storage facilities.

Determine that the system has sufficient pressure
throughout the year.

Verify that system equipment has received regular
maintenance.

Review additfons/improvements incorporated during the

year to correct deficiencies detected in the initial
inspection.
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e. Review Cross connection prevention program, including
annual testing of backflow prevention devices.

f. Review routine flushing program for effectiveness.

9. Evaluate the corrosion control program and its impact
on distribution water quality.

h. Review the adequacy of the program for periodic storage
reservoir flushing.

i, Review practices in repairing water main breaks to
assure they include disinfection.

4. Management/Operation Evaluation

a. Review the operations to assure that any difficulties
experienced during the year have been adequately
addressed.

b. Review staffing to assure adequate numbers of properly
trained andfor certified personnel are available,

c. Verify that a regular maintenance schedule is followed.

d. Audit systems records to verify that they are adequately

maintained.

e. Review bacteriological data from the distribution system
for coliform occurrence, repeat samples and action
response.

3.3.3 Mo Disease Qutbreaks

Under the provisions of the SWTR, a surface water system which does
not filter must not have been identified as a source of waterborne
disease, or if it has been so identified, the system must have been
modified sufficiently to prevent another such occurrence, as determined
by the Primacy Agency. If a waterborne disease outbreak has occurred and
the outbreak was or {s attributed to a treatment deficiency, then the
system sust install filtration unless the system has upgraded its
treatment systea to remedy the deficiency which led to the outbreak and
the Primacy Agency has determined that the systea is satisfying this
requirement. [f the Primacy Agency has determined the disease outbreak
was the result of a distribution system problem rather than a source
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water treatment deficiency, the system is not required to instal)
filtration.

In order to determine whether the above requirement is being met,
the responsible federal, state and local health agencies should be
surveyed to obtain the current and historical information on waterborne
disease outbreaks which may have occurred within a given system. Whether
conducted by the Primacy Agency or submitted by the water purveyor, this
information should include:

1. Source of the Information:

a. Name of agency

b. Name and phone number of person contacted
c. Date of inquiry

2. Qutbreak Data
a. Known or suspected incidents of waterborne disease
outbreaks
b. Date(s) of occurrence(s)
c. Type or .dentity of illness
d. Number of cases
3. Status of Disease Reporting:

a. Changes in regulations; e.%., giardiasis was not a
reportable disease until 198

4. I1f a Disease OQutbreak has Qccurred:

a. Was the reason for the outbreak identified; e.g.,
inadequate disinfection?

b. Did the outbreak occur while the system was in its
current configuration?

c. Was remedial action taken?
d. Have there been any further outbreaks since the remedial
action was taken?

If a review of the available information indicates that the system

or network for disease reporting is inadequate within the Primacy Agency's
area of responsibility, efforts should be made to encourage the appropri-
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ate agencies to upgrade the disease reporting capabilities within the
area.

3.3.4 Monthly Coliform MCL

To avoid filtration, a system must comply with the MCL for total
coliforms,. established in the Tota) Coliform Rule, for at least 1l out of
the previous 12 months the system served water to the public on an ongoing
basis, unless the Primacy Agency determines that failure to meet this
requirement was not caused by a deficiency in treatment of the source
water. 1f the Primacy Agency makes such a determination, the system is
not required to install filtration., The Total Coliform Rule requires
systems using surface water or ground water under the influence of surface
water which do not filter to collect a sample at or near the first
customer each day that the turbidity level exceeds 1 NTU within 24 hours
of learning of the result and to analyze the sample for the presence of
total coliforms. (If the Primacy Agency determines that it is not
possible for the system to have such a sample analyzed within 24 hours,
this time 1imit may be extended on a case-by-case basis.) This sample may
be used to fulfill the routine compliance monitoring requirements of the
Total Coliform Rule. The results of the additional sample must be
included in determining whether the system is in compliance with the
monthly MCL for total coliforms.

3.3.5 Jotal Trihalomethane (TTHM) Regulations

For the system to continue to use disinfection as the only
treatment, it must comply with the total trihalomethane (TTHM) MCL
regulation. The current regulation established an MCL for total TTHM of
0.10 mg/L for systems serving a population greater than 10,000. Both the
MCL and the system population covered may be reduced in the future, and
this should be considered when planning disinfectant application.

One alternative to meet the CT requirements of the SWTR is to
increase the disinfectant dose. For many systems, a higher chlorine dose
will result in increased formation of TTHMs. Changes in disinfection
practice should maintain TTHM levels of less than 0.10 mg/L. In lieu of
increasing chlorine dose, use of an alternate disinfectant which produces
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fewer TTHMs could be considered. Alternate disinfectants include the use
of ozone or chlorine dioxide as primary disinfectants with chlorine or
chloramines as secondary (residual) disinfectants. It is important to
note that EPA also will promulgate regulations for disinfectants and
disinfection by-products which may limit application of some of these
disinfectants. EPA recommends that Primacy Agencies keep informed through
communication with EPA on interim guidance on how to avoid conflict for
systems to comply with both the SWTR and the forthcoming regulations on
disinfectants and disinfection by-products. Any changes which appear to
not meet the by-product regulations should not be implemented.
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4. DESIGN AND OPERATING CRITERIA FOR
EILTRATION AND DISINFECTION TECHNOLOGY

4.1 Introduction

To comply with the SWTR, public water Systems must include filtra-
tion, or some other approved particulate removal technology, in their
treatment process unless they are able to satisfy certain conditions.
Those conditions include compliance with source water quality criteria and
site-specific criteria. Guidance for determining whether these conditions
are met is provided in Section 3 of this manual. Systems unable to
satisfy these conditions must provide particulate removal and meet
criteria pertaining to operation, design and performance. These criteria
are specified in part in the definitions of technologies in the SWTR and
more specifically as determined by the Primacy Agency.

This section provides guidance both for those water systems which
currently do not have filtration equipment and must add it, and for
systems which have existing filtration processes. Guidance on additional
alternatives for small systems is presented in Appendix L.

This section includes guidance on the following topics:

a. Filtration Technology: Descriptions, capabilities, design
criteria and operating requirements for each technology, and
a listing of major factors to be considered in their
selection, including raw water quality considerations.

b. Disinfection: Descriptions of the most applicable disin-
fection technologies used with filtration systems, and a
presentation of the relative effectiveness of these disinfec-
tion technologies with respect to inactivation of bacteria,
cysts and viruses.

c. Alternate Technologies: Descriptions of some currently
available alternate filtration technologies.

d. Other Alternatives: Includes a description of some nontreat-
ment alternatives including regionalization and use of an
alternate source.

4.2 Selection of Appropriate Filtration Technology
Filtration is generally provided by passing water through a bed of

sand, a layer of diatozaceous earth or a combination bed of coarse anthra-

a-1



cite coal overlaying finer sand. Filters are classified and named in a
number of ways. For example, based on applicaticn rate, sand filters can
be classified as either slow or rapid, yet these two types of filters
differ in many more characteristics than just application rate. They
differ in their removal process, bed material, method of cleaning, and
operation. Based on the type of bed material, filters can be classified
as sand, diatomaceous earth, dual-media (coal-sand) or even multi-media
in which a third layer of high density sand is used.

4.2.1 General Descriptions
Current technologies specified by the SWTR are:

a. Conventional Treatment: A series of processes including
coagulation, flocculation, sedimentation and filtration.

b. Direct Filtration: A series of processes including coagula-
tion (and perhaps flocculation) and filtration, but excluding
sedimentation.

c. Slow Sand Filtration: A process which involves passage of raw
water through a bed of sand at low velocity, generally Yess
than 0.4 meters/hour (1.2 ft/hr), resulting in substantial
particulate removal by physical and biological mechanisms.

d. Diatomaceous Earth Filtration: A process that meets the
following conditions:

-~ A precoat cake of diatomaceous earth filter media is
deposited on a support membrane (septum)

- The water is filtered by passing it through the cake on
the septum; additional filter media, known as body feed,
is continuously added to the feed water in order to
maintain the perweability of the filter cake.
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e. Alternate Technologies: Any filtration process other than
those listed above. Available alternate filtration technolo-
gres include, but are not limited to:

- Package Plants!

- Cartridge Filters

4.2.2 Capabilities

Filtration processes provide various levels of turbidity and
microbial contaminant removal. When properly designed and operated and
when treating source waters of suitable quality, the above filtration
processes are capable of achieving at least a 2-log (99 percent) removal
of Giardia cysts and at least a l-log (90 percent) removal of viruses
without disinfection {Logsdon, 1987b; USEPA, 1988b; Roebeck, 1962). The
exception is cartridge filters which may not provide effective virus
removal. A summary of the removal capabilities of the various filtration
processes is presented in Table §-1.

As indicated in Table 4-1, conventional treatment without disinfec-
tion is capable of achieving up to a 3-log removal of Giardia cysts and
up to a 3-log removal of viruses. Direct filtration can achieve up to a
3-log removal of Gjardia cysts and up to a 2-log removal of viruses.
Achieving the maximum removal efficiencies with these treatment processes
requires the raw water to be properly coagulated and filtered. Factors
which can adversely affecy removal efficiencies include:

-  Raw water turbidities less than 1 NTU
-~ Cold water conditions

- Non-optimal or no coagulation

- Improper filter operation including:

Depending upon the type of treatment units in place, historical

perforeance and/or pilot plant work, these ptants could be categorized
as one of the technologies in a-d above at the discretion of the State.
Several studies have already indicated that some package plants
effectively remove Giardia cysts. If such plants provided adequate
disinfection so that the complete treatment train achieves at least a
3-log removal/inactivation of Giardia cysts and a 4-1og removal/inacti-
vation of viruses, use of this technology would satisfy the minimum

treatment requirements.
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TABLE 4-1

VAL CAPA FILTRATION PR (

{og Removals

Giardia® Tota}d!
Process Lysts Viruses Coliform
Conventianal Treatment 2.1 1 -3 >4
Direct Filtration 2-3 1-2% 1-3
Slow Sand Filtration 2 - 3™ 1 - 30 1 -2
Diatomacecus Earth
Filtration 2 - 3% 1.2 1-3

Note:
1. Without disinfection.
2.  Logsdon, 1987b.
3. Roebeck gt al 1962.
4. Poynter and Slade, 1977.
5.  These technologies generally achieve greater than a 3-log removal.



TAELE 4-2

GENERALIZED CAPABILITY OF FILTRATION SYSTEMS
AC ATE RAW WATER QUALITY CONDITION

General Restrigtions

Total
Coliforms Turbidity Color
Treatmen (#7100 m1) L))] [{))]
Conventional with ‘
predisinfection  <20,000'% Wo restrictionst® <750
Conventional without
predisinfection  <5,000(» o restrictions®? <715
Direct filtration
with floccelation  <500¢% <714V <40
In-line filtration <5001V <7-14¢ <109
Slow sand filtration <B00(% <10t¥ <5
Diatomacecus earth
fittration <50¢? s <5

Notes:
1.

Depends on algae population, alum or cationic polymer
coagulation -- (Cleasby et al,, 1984.)

USEPA, 1971.
Letterman, 1986.
8ishop et al., 1980.
Slezak and Sims, 1984.



- No filter to waste
-~ Intermittent operation
- Sudden rate changes
- Poor housekeeping
- Operating the filters after turbidity breakthrough
Studies of slow sand filtration have shown that this technology
{without disinfection) is capable of providing greater than a 3-log
removal of Giardia cysts and greater than a 3-log removal of viruses,
Factors which can adversely affect removal efficiencies include:
~ Poor source water quality
- Cold water conditions
- Increases in filtration rates
- Decreases in bed depth
- Improper sand size
- Inadequate ripening
Diatomaceous earth (DE} filtration can achieve greater than a 3-log
removal of Giardia cysts when sufficient precoat and body feed are used.
However, turbidity and total coliform removals are strongly influenced by
the grade of DE employed. Conversely, DE filtration is not very effective
for removing viruses unless the surface properties of the diatomaceous
earth have been altered by pretreatment of the body feed with alum or a
suitable polymer. In general, DE filtration is assumed to achieve only
a 1-log removal of viruses unless demonstrated otherwise. Factors which
can affect the removal of Giardja cysts and viruses include:
- Precoat thickness
- Amount of body feed
= Grade of OE
- lmproper conditioning of septum
- lmproper pretreatment of the body feed
Package plants can be used to treat water supplies for communities
as well as for recreational areas, parks, construction camps, ski resorts,
military installations and other facilities where potable water is not
available from a municipal supply. Operator requirements vary signifi-
cantly with specific situatfons. Under unfavorable raw water conditions,
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package plants could demand full-time attention. Package plants are most
widely used to treat surface supplies for removal of turbidity, color and
coliform organisms prior to disinfection. They are currently available
in capacities up to & mgd.

Colorado State University conducted a series of tests on one package
plant over a S5-month period during the winter of 1985-86 (Horn and
Hendricks, 1986). Existing installations in Colorado had proven effective
for turbidity removal, and the tests at the university were designed to
evaluate the system's effectiveness in removing coliform bacteriz and
Giardia cysts from low turbidity, low temperature source waters. The test
results showed that the filtration system could remove greater than
9% percent of Giardia cysts for waters which had less than 1 NTU turbidity
and less than 5 C temperatures, as long as proper chemical treatment was
applied, and the filter rate was 10 gpm/ft’ or less. In addition, an
alternate water source having a turbidity ranging from 3.9 to 4.5 NTU was
used in 12 test runs with coagulant doses ranging from 15 to 45 mg/L. The
effluent turbidities from these runs were consistently less than 0.5 KTU.

Surveys of existing facilities {ndicate that while package plants
may be capable of achieving effective treatment, many have not consistent-
ly met the interim MCL for turbidity, and in some cases, coliforms were
detected in the filtered water (Morand et al., 1980; Morand and Young,
1983). The performance difficulties were primarily the result of the
short detention time inherent in the design of the treatment units, the
lack of skilled operators with sufficient time to devote to operating the
treatment facilities, and the wide-ranging variability in quality of the
raw water source. for instance, raw water turbidity was reported to often
exceed 100 NTU at one site. Improvements in cperational techniques and
methods at this site resulted in a substantial improvement in effluent
quality. After adjustments were made, the plant was capable of proeducing
a filtered water with turbidities less than 1 NTU, even when influent
turbidities increased from 17 to 100 NTU within a 2-hour period, as long
as proper coagulation was provided.

One of the major conclusions of these surveys was that package water
treatment plants manned by competent operators can consistently remove
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turbidity and bacteria from surface waters of a fairly uniform quality.
Package plants applied where raw water turbidities are variable require
a high degree of operational skill and nearly constant attention by the
operator. Regardless of the quality of the raw water source, all package
plants require at least a minimum level of maintenance and operational
sk11l and proper chemical treatment if they are to produce satisfactory
water quality.

Cartridge filters using microporous filter elements (ceramic, paper
or fiber) with pore sizes as small as 0.2 um may be suitable for producing
potable water from raw water supplies containing moderate levels of
turbidity, algae and microbiological contaminants. The advantage to small
systems of these cartridge filters is that, with the exception of
disinfectant, no other chemicals are required. The process is one of
strictly physical removal of small particles by straining as the water
passes through a porous cartridge. Other than occasional cleaning or
cartridge replacement, operational requirements are not complex and do not
require skilled personnel. However, the SWTR does require each surface
water system to be operated by a qualified operator, as determined by the
Primacy Agency. Such a system may be suitable for some small systems
where, generally, only maintenance personnel are available for operating
water supply facilities. However, the use of cartridge filters should be
limited to low turbidity source waters because of their susceptibility to
rapid headloss buildup. For example, manufacturer's guidelines for
achieving reasonable filter run lengths with certain polypropylene filter
elements are that the raw water turbidity be 2 NTU or less (USEPA, 1988b).

Long (1983) analyzed the efficacy of a variety of cartridge filters
using turbidity wmeasurements, particle size analysis, and scanning
electron microscope analysis. The filters were challenged with a
suspension of microspheres averaging 5.7 um in diameter which is smaller
than a §iardia cyst. The microspheres were applied at a concentration of
40,000 to 65,000 spheres per ml. Ten of 17 cartridge filters removed over
99.9 percent of the microspheres.

In tests using 1ive infectious cysts from a human source, cartridge
filters were found ta be highly efficfent in removing Giardia cysts
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(Hibler, 1986). Each test involved challenging a filter with 300,000
cysts at a concentration of 10,000 cysts/ml. The average removal for five
tests was 99.86 percent, with removal efficiencies ranging from 99.5 per-
cent to 99.99 percent.

The application of cartridge filters to small water systems using
either cleanable ceramic or disposable polypropylene cartridges appears
to be a feasible method for removing turbidity and most microbiological
contaminants. However, data regarding the ability of cartridge filters
to remove viruses are not available. Since disinfection by itself could
achieve a 4-log inactivation of viruses, if the cartridge filter removes
greatey than or equal to 3 1logs of Giardia, then the filter pilus
disinfection would achieve the overall minimum requirements, regardless
of whether only negligible Giardia inactivation is achieved (e.g., less
than 0.5 log). However, consideration should be given to the feasibility
of providing multiple barriers of treatment for each target organism,
i.e., some Giardia and virus removal by each barrier (i.e., some removal
by filtration and some inactivation by disinfection) as protection in case
one of the barriers fails. The efficiency and economics of the process
must be closely evaluated for each situation. Pretreatment in the form
of roughing filters (rapid sand or multi-media) or fine mesh screens may
be needed to remove larger suspended solids which, if not removed, could
cause the rapid buildup of headloss across the cartridges (USEPA, 1988a).

In general, conventional treatment, direct filtration, slow sand
filtration and diatomaceous earth filtration can be designed and operated
to achieve the maximum removal of the water quality parameters indicated
in Table 4-1. However, for the purpose of selecting the appropriate
filtration and disinfection technologies and for determining design
criteria, these filtration processes should be assused to achieve a 2-log
removal of fiardia cysts and a 1-log removal of viruses. This conserva-
tive approach will assure that the treatment facility has adequate
capability to respond to non-optimum performance due to changes in raw
water quality, plant upsets, etc. The balance of the required resovals
and/or inactivation of Giardia cysts and viruses would be achieved through
the application of appropriate disinfection.
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The performance of alternate technologies such as cartridge filters,
and possibly package plants, depending upon the unit under consideration
cannot be stated with certainty at this time. Because of these perform-

ance uncertainties, pilot studies should be used to demonstrate their
efficacy for a given water supply.

4.2.3 Selegtion

For any specific site and situation, a number of factors will
determine which filtration technology is most appropriate. Among these
are: raw water quality conditions, space and personnel availability, and
economic constraints, A discussion of the impact of raw water quality on
the technology selection is presented here. The impact of site-specific
factors and economic constraints is presented in the USEPA document
“Technologies and Costs for the Removal of Microbial Contaminants from
Potable Water Supplies* (USEPA, 1988b}.

Raw W Quality Conditi

The number of treatment barriers provided should be commensurate
with the degree of contamination in the source water. The four technolo-
gies specified in the SWTR vary in their ability to meet the performance
criteria when a wide range of raw water quality is considered. #hile the
numerical values of raw water quality that can be accommodated by each of
the four technologies will vary from site to site, general guidance can
be provided. General guidelines for selecting filtration processes, based
on total coliform count, turbidity, and color are presented in Table 4-2.
It is not recommended that filtration systems other than those listed in
Table 4-2 be used when the general raw water quality conditions exceed
the values listed, unless it has been demonstrated through pilot testing
that the techiiology can meet the performance criteria under the raw water
quality conditions expected to occur at the site.

The filtration processes listed in Table 4-1 are capable of
achieving the required performance criteria when properly designed and
operated if they are treating a source water of suitable quality (i.e.,
generally within the ranges indicated in Table 4-2). One of the causes
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of filtration failures is the use of inappropriate technology for a given
raw water quality (Logsdon, 1987b). These criteria are general guide-
Yines. Periodic occurrences of raw water coliform, turbidity or color
levels in excess of the values presented in Table 4-2 should not preclude
the selection or use of a particular filtration technology. For example,

the following alternatives are available for responding to occasional raw
water turbidity spikes:

a. Direct Filtration
- Continuous monitoring and coagulant dose adjustment
- More frequent backwash of filters
- Use of presedimentation
b. Slow Sand Filtration
- Use of a roughing filter
= Use of an infiltration gallery
c. Diatomaceous Earth Filtration
- Use of a roughing filter
- Use of excess body feed

For the above alternatives, EPA recommends that pilot testing be
conducted to demonstrate the efficacy of the treatment alternative.

The characteristics of each filtration technology are a major factor
in the selection process. Significant characteristics include performance
capabilities (contaminant removal efficiencies), design and construction
requirements, and operation and maintenance requirements.  Details
regarding each of the four filtration technologies are presented in the
following section.

4.3 Available Filtration Technologies

4.3.1 Introducticn

As indicated in the preamble to the SWTR, the historical responsi-
bility of the States to establish design and operating criteria for public
drinking water plants will continue. The purpose of the following
sections is to provide guidance on how the design and operating criteria
may need to be changed in order to assure that the performance criteria
in the SWTR are met.



The design criteria for the various filtration technologies found
in the 1987 edition of Recommended Standards for Water Works (Great Lakes,
1987) are the minimum design criteria that a majority of states are
currently following.! These standards are referred to as Ten States
Standards in the remainder of this manual. The design criteria contained
in the Ten States Standards have not been duplicated here. Rather, the
reader is referred to the Ten States Standards directly. EPA recommends
the following additions and/or changes to the Ten State Standards in order
to assure compliance with the performance criteria of the SWTR.

4.3.2 Geperal
The following recommendations apply to all fiitration plants:

a. A1l filtration plants should provide continuous turbidit
monitoring of the effluent turbidity from each individua
filter.> ' If continuous monitoring is impractical, routine
monitoring of individual filters is recommended as a minimua.

b. A1l filtration systems should be concerned with the peak
turbidity levels in the filtered water after backwashing and

Based upon the results of a survey conducted for the American Water
Works Association Research Foundation (AWWARF), some 38 states use the
Ten States Standards entirely or in modified form (AWWARF, 1986).

Although this {s not a requirement of the SWTR, it is recosmended
because of the possibility that not all filters in a treatment plant
will produce the same effluent turbidity. This may be due to a variety

of conditions that include bed upsets, failure of media support or

underdrain systems, etc. Although the combined effluent from all the
filters may meet the turbidity requirements of the SWTR, the turbidity
level from an individual filter may substantially exceed the limits.
This say result in the passage of Giardia cysts or other pathogens.

'  validation should be performed at least twice a week based on the
procedure outlined in Part 214A in the 16th Edition of Standard Methods.
It should be noted that improper installation of continuous monitors
may allow for air bubbles to enter the monitor resulting in false
turbidity spikes. To avoid air bubbles reaching the turbidimeter the
sample tap should be installed below the center line of the pipe and
an air regease valve may be included on the sample line.
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mzke every attempt to operate the filters to minimize the
magnitude and duration of these turbidity spikes.’

Individual filters should be monitored as discussed in Section
4.3.2.a and when excessive turbidity spikes are found, corrective actions

taken, During these turbidity peaks, Giardia cysts and other pathogens
may be passed into the finished water. There is evidence that a 0.2 to
0.3 NTU increase in the turbidity during the first period of the filter

run can be associated with rises in Giardia cyst concentrations by factors
of twenty to forty (Logsdon, 1985). Special studies should be conducted
to determine the extent of the turbidity spike problems.

There are basically four approaches available for correcting
problems with turbidity spikes after backwashing. These are as follows
(Bucklin, et al 1988):

- Proper chemical conditioning of the influent water to the
filter can minimize the magnitude and duration of these
turbidity spikes. This could include proper control of the
primary coagulant chemicals such as alum or iron compounds.
In some cases filter aids using polymers may be needed to
control the turbidity spikes.

- Gradually increasing the filtration rate in increments when
placing the filter in operation. Starting the filter at a low
flow rate and then increasing the flow in small increments
over 10 to 15 minutes has been shown to reduce the turbidity
spikes in some cases (Logsdon, 1887).

- Addition of coagulants to the backwash water has also been
shown to reduce the extent of turbidity spikes after backwash.
Typically the same primary coagulant used in the plant is
added to the backwash water, Polymers alone or in combination
with the primary coagulant may also be used.

- F{lter-to-waste may be practiced where a portion of the
filtered water immediately after starting the filter is
wasted. This is only possidbie where the filter systea has

For most high rate granular bed filters, there {s a period of
conditioning, or break-in immediately following backwashing, during
which turbidity and particle removal is at a minimus, referred to as
the break-in period. The turbidity peaks are thought to be caused by

resnants of backwash water within the pores of and above the media
passing through the filter, and/or floc breakup during the filter

ripening period before it can adequately remove influent turbidity.
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provided the necessary valves and piping to allow this
procedure. There is some concern whether or not this practice
is beneficial. The extra valve operations needed for filter~
to-waste can disrupt the filter flow rate to the extent that
they create their own turbidity spikes. Some knowledge of the
time actually needed for filter-to-waste is also needed before
it can be determined that this is an effective procedure for
controlling turbidity spikes. If the length of time the
filter-to-waste is practiced is less than that before the
turbidity spike passes, the disruption caused by the valve
operation may actually increase the turbidity spike.

Different plants and the individual filters within the plant may
have different turbidity spike characteristics. The four approaches
presented above, therefore, must be evaluated on a case-by-case basis.
Special studies will be required to identify those filters with the
turbidity spike problems and assist in selecting which of the four
approaches is best for correcting the problem. It has been generally
found that turbidity spikes can be minimized through one or a combination
of the first three approaches.

In order to establish filter-to-waste operating guidelines, the
following procedure is suggested:

= Review the effluent turbidity data for each filter and deter-
mine which filter historically has the highest effluent tur-
bidity.

- Following backwashing of the filter with the poorest perfor-
mance, place that filter into service and collect 3rab samples
every 5 to 10 minutes for a period of at least 60 minutes.®

= Analyze the grab samples for turbidity and determine how long
the filter must be in operation before the effluent turbidity
drops
- to less than or equal to 0.5 NTU

= or 1 NTU in cases where a filtered water turbidity of
less than or equal to 1 NTU 1s allowed.

¢ Contfnuous turbidity monitoring can be used in place of grab sampling.
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Limited information exists on the typical magnitude and duration of
peak turbidity levels after backwashing and what levels are considered
acceptable to assure that these turbidity spikes are not associated with
passage of Giardia cysts. [Information from plant scale tests, showing
the typical magnitude and duration of these turbidity spikes is available
from two plants (Bucklin gf al., 1988). Studies conducted at these plants
over a year showed that these peaks occurred within the first few minutes
after the filter was placed back in operation, their effects lasted for
several hours, and varied in magnitude from 0.08 to 0.35 NTU on average.

For existing plants without provisions for filter-to-waste, the
decision to add the necessary piping to provide this capability should be
made only after carefully evaluating the other three approaches. If the
results of special studies show that the other three options are not
effective in minimizing the turbidity spikes then the expense of adding
the filter-to-waste capabilities may be justified.

For new plants the capability of filter-to-waste may be required by
the Primacy Agency or should be considered. By having this capability,
additional flexibility will be avaitable for turbidity spike control.
This flexibility may also be useful for other filter maintenance functions
such as after media replacement or when heavy chlorination of the filter
is needed after maintenance.

4.3.3 Conventional Treatment

Conventional treatment is the most widely used technology for
removing turbidity and microbial contaminants from surface water supplies.
Conventional treatment includes the pretreatment steps of chemicail
coagulation, rapid mixing, flocculation and sedimentation followed by
filtration. These conventional treatment plants typically use aluminua
and fron compounds in the coagulation processes. Polymers may also be
used to enhance the coagulation and filtration processes. A flow sheet
for a conventiona) treatment plant is presented on Figure 4-1,

Lime softening is a treatment process used to resove hardness and
turbidity from surface waters. Treatment is typically accomplished with
conventional process units. The lime softening process removes the
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FIGURE 4-1 FLOW SHEET OF A TYPICAL CONVENTIONAL
WATER TREATMENT PLANT




caicium and magnesium from the water by precipitating them as calcium
carbonate and magnesium hydroxide. Turbidity levels in the water are also
reduced by this process. Lime and possibly soda ash is added to the raw
water to raise its pH to a point at which these precipitates are formed
and then removed from the water during sedimentation and filtration. Lime
softening may be used for the removal of carbonate hardness in the pH
range of 9 to 10 through a single stage process. Two-stage lime/soda ash
softening at a pH of 10 to 12 can be used for the removal of non-carbonate
hardness and magnesium. Two-stage softening includes recarbonation to
neutralize the caustic alkalinity, reducing the pH to the range of B.5 to
9.5. A flow sheet for typical one- and two-stage softening plants is
presented on Figure 4-2.

Each of these three conventignal treatment processes uses filtration
following sedimentation. Three different types of filters are used. Sand
filters, normally found in older plants, use a single media of sand to
form a filter bed, and are generally designed with a filtration rate of
2 gpm/ft?. Newer plants mormally use dual-media or mixed media filters.
Oual media filters use a combination of anthracite coal along with a sand
to form the filter bed. Mixed media filters use coal, sand, and a third
material to form the filter bed. Dual and mixed media filters can be
designed to operate at higher filtration rates than sand filters, i.e.,
4 to 6 gpm/ftl.

Design Criteria

The minimum design criteria in the Ten State Standards for
conventional treatment are considered sufficient for the purposes of
complying with the SWTR with the following addition:

- The criteria for sedimentation should be expanded to include
other methods of solids removal including dissolved air
flotation. Plate separation and upflow-solids contact
clarifiers included in the 1987 Ten State Standards should
also be considered.

Operating Requiresents
In addition to the operating requirements in the Ten State
Standards, a coagulant should be used at all times the treatment plant is
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in operation.’ Conventional and direct filtration plants must be monitored
carefully because failure to maintain optimum coagulation can result in
poor filter performance and breakthrough of cysts and viruses.® Although
the detention time provided by the settling basins results in some margin
of safety, the loss of coagulation control at the chemical feed or rapid
mix points may not be noticed until the poorly coagulated water reaches
the filters, after the process has failed. Failure to effectively monitor
and control filter operation can result in undetected poor filter
performance (Logsdon, 1987a; Logsdon, 1987b).
Effective operation of a conventional treatment plant requires
careful monitoring and control of:
- Chemical Feed
-  Rapid Mix
-« Flocculation
= Sedimentation
= Filtration
For the purposes of the SWTR, the requirements for effective
operation of a conventional water treatment plant can be summarized as
follows:
a. The application of a coagulant and the maintenance of
effective coagulation and flocculation at all times when a
treatment plant is in operation.’ Proper process control

Oependable removal of Giardia cysts can not be guaranteed if a water

is filtered without being properly coagulated (Logsdon, 1987b; Al-Ani
et al., 1985)., This is true even if the raw water turbidity is less

than 1 NTU.

' A3 indicated in the preamble to the proposed SWTR, 33 percent of the
reported cases of giardiasis in waterborne disease outbreaks were

attributed to improperly operated filtration plants.

'  Some conventional water treatment plants which treat low turbidity
source waters (<1 NTU) reportedly discontinue the application of

coagulant(s) during periods of low turbidity since the raw water alread

meets the turbidity MCL. However, studies have shown that cyst remova
for low turbidity waters is the most difficult to achieve and requires
optimum pretreatment including coagulation to achieve effective removals
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procedures should be used at the plant to assure that chemical
feeds are adjusted and maintained in response to variations
in raw water temperature and turbidity.
Maintenance of effective filtration will require proper
operation procedures to meet the turbidity requirements of the
SWTR. Proper operation should include:

- Proper chemical conditioning of the water ahead of the

;1}ter to assure adequate turbidity removal through the
ilter.

- Control of the flow rates and elimination of rapid
changes in flow rate applied to the filter.

- Backwashing of filters before the filtered water quality
is degraded to the point that the plant fails to meet
the turbidity requirements of the SKTR. The criteria
on which to base initiation of backwash will have to be
determined for each plant. Experience with operation
cycles including run times and headloss data may serve
as the basis for this site specific criteria.

- After backwash bringing the clean filters back on line
so that excessive turbidity spikes in the filtered water
are not created. Section 4.3.2.8 of this manual
discusses these turbidity spikes and approaches
available to minimize thea. .

Filters removed from service generally should be backwashed
upon start-up. However, {n some cases, {t say be impractical
to backwash filters each time they are removed from service.
Accordingly, the Primacy Agency may choose to allow start-up
without backwashing under certain conditions on a site-by-site
basis. In making this decisfon, the following should be
considered:

- the length of time the filter was off-line

- performance of the filter while being put on-line
The filter should be brought back on-line in such a way that
no turbidity spikes that could be associated with passage of

(Al-lﬂ‘l et .Io. 1”5)0
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Giardia cysts and other pathogens occur. If problems with
turbidity spikes are found when starting up dirty filters,
special studies should be used to evaluate if any of the
approaches discussed in Section 4.3.2.B of this manual are
effective in minimizing the turbidity spikes.

4.3.4 QDirect Filtration

A direct filtration plant can include several different pretreatment
unit processes depending upon the application. In its simplest form, the
process includes only in-line filters preceded by chemical coagulant
application and mixing. The mixing step, particularly in pressure
filters, can be satisfied by influent pipeline turbulence. In larger
plants with gravity filters, an open rapid-mix basin with mechanical
mixers typically is used. Figure 4-3 illustrates the unit processes of
a typical direct filtration plant.

Another variation of the direct filtration process consists of the
addition of a coagulant to the raw water followed by rapid mixing and
flocculation, as jllustrated on Figure 4-4. The chemically conditioned

and flocculated water is then applied directly to a dual- or multi-media
filter (USEPA, 1988b).

Design Criteria

The 1987 edition of the Ten State Standards recommends pilot studies
to determine most design criteria. For the purposes of implementation of
the SWTR this requirement is considered sufficient with the following
exception:

a. A coagulant must be used at 21l times when the treatment plant
s in operation.'®

19 Optimum coagulation s critical for effective turbidity and microbiolog-

ical removals with direct filtration (Al-Ani et al., 1985).
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Qoerating Regquirements

Operating considerations for direct filtration plants are essential-
ly identical to those for conventional treatment plants. The major
difference is that a direct filtration plant will not have a clarifier,
and may or may not have a flocculation or contact basin. [n addition, EPA
recommends that ail direct filtration plants, both new and existing, be
required to make provisions to minimize the break-in time of a filter
being put on-line.!’

As with conventional treatment, the initiation of backwashing a
filter should first be based on filter effluent turbidity values, then by
headloss and run time. Effluent turbidity monitoring equipment should be
set to initiate filter backwash at an effluent value of 0.5 NTU or less,
in order to meet filtered water quality requirements. Alsc, any filters
removed from service should be backwashed upon start-up. In some cases,
it may not be practical to backwash filters every time they are removed
from service. This decision should be made by the Primacy Agency on a

case-by-case basis, based on the same considerations as for conventional
systems.

4.3.5 Slow Sand Filtration

Slow sand filters differ from single-media rapid-rate filters in a
number of important characteristics. In addition to the difference of
flow rate, slow sand filters:

a. Function using biological mechanisms as well as physical-che-
mical mechanisms

b.  Use smaller sand particles

c. Are not backwashed, but rather are cleaned by removing the
surface media

d. Have much longer run times between cleaning

1

As with conventional treatment, direct filtration produces a relatively

poor quality filtered water at the beginning of filter runs and
therefore a filter-to-waste period is recosmended. In some cases, the
addition of a filter aid or bringing filters on-line slowly will be

appropriate (Cleasby et al., 1984).
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e. Require a ripening period at the beginning of each run

Although rapid rate filtration is the water treatment technology
used most extensively in the United States, its use has often praved
inappropriate for small communities since rapid-rate filtration is a
technology that requires skilled operation by trained operators. Slow
sand filtration requires very little control by an operator. Consequent-
ly, use of this technology may be more appropriate for small systems where
source water quality is within the guidelines recommended in Section
4.2.3.

As indicated in this section, slow sand filtration also may be
applicable to other source water quality conditions with the addition of
pretreatment such as a roughing filter or presedimentation.

Design Criteri
The msinimum design criteria presented in the Ten State Standards for
slow sand filters are considered sufficient for the purposes of implemen-
tation of the SWTR with the following exceptions:
a. ., Rawwater quality limitations should be changed to reflect the
values given in Table 4-2,%¢

b. The effective sand size should be between 0.15mm and 0.35mm
rather than the current 0.30 ma to 0.45 em.!?

Additional guidance on the design of slow sand filtration is
available in the design manual entitled Slow Sand Filtration for Community
Water Supplies Technical Paper 24, 1987 published by the International

12 yithout pretreatment, limitations exist in the quality of water that
is suitagla for stow sand filtration (Loisdou. 1987b; Cleasby et al.,
1984; Bellamy et al., 1985; Fox et al., 1983).

1 significant decreases in total coliform removals were shown at effective
sand sizes less than 0.35 mm (Bellamy et al., 1985). As defined in the
AWWA Standard for Filtering Material, effective size is the size opening
that will pass 10 percent by weight of a sample of filter material.
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Reference Centre for Community Water Supply and Sanitation (IRC),
P.0. Box 5500, 2280 MM Rijswijk, the Netherlands.

ing Reguiremen

Maintenance of a slow sand filter involves two periodic tasks:

a. Removal of the top 2 to 3 cm (0.8 to 1.2 inches) of the
surface of the sand bed when the headloss exceeds ! to 1.5 m.'

b. Replacement of the sand when repeated scrapings have reduced

the depth of the sand to approximately one-half of its design
depth (Bellamy et al., 1985).

Following scraping, slow sand filters produce poorer quality
filtrate at the beginning of a run, and a filter-to-waste or ripening
period of one to two days is recommended befare use to supply the system.
The ripening period is an interval of time immediately after a scraped
filter is put back on-line, when the turbidity or particle count results
are significantly higher than the corresponding values for the operating
filter. During this time, the wicroorganisms multiply and attain
equilibrium in the “schmutzdecke.® Filter effluent monitoring results
should be used to determine the end of the ripening period. For example,
a turbidimeter could be set at 1.0 NTU or less to initiate start of the
filter run.

When repeated scrapings of the sand have reduced the depth of the
sand bed to approximately one-half of its design depth, the sand should
be replaced. Filter bed depths of less than 0.3 to 0.5 & (12 to 20
inches) have been shown to result in poor filter performance (Bellamy et
al., 1985). The replacement procedure should include removal of the
remaining sand dowm to the gravel support, the addition of new sand to one
half of the design depth and placement of the sand previously removed on
top of the new sand.'’

)
filter to its operational capacity and initial headloss.

Removal of this top layer of the “"Schmutzdecke" should restore the

¥ This procedure results in clean sand being placed in the bottom half
of the filter bed and biologically active sand in the top half reducing
the amount of time required for the curing period. It aiso provides
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The amount of time for the biological population to mature in a new
sand filter (also called curing) and to provide stable and full treatment
varies. The World Health Organization (1980) reported that curing
requires 8 few weeks to a few months. Fox et al., (1983) found that
"about 30 days* were required to bring particle and bacterial effluents
down to 3 stable level. Al) researchers agree that a curing time for a
new filter is required before the filter operates at its fullest potential
(Bellamy et al., 1985).

4.3.6 Diatomaceous Earth Filtration

Diatomaceous earth (DE) filtration, also known as precoat or
diatomite filtration, is appropriate for direct treatment of surface
waters for removal of relatively low levels of turbidity and microorgan-
isms.

Diatomite filters consist of a layer of DE about 3 em (1/8 inch)
thick supported on a septum or filter element. The thin precoat layer of
DE must be supplemented by a continuous body feed of diatomite, which {s
used to maintain the porosity of the filter cake. If no body feed is
added, the particles filtered out will build up on the surface of the
filter cake and cause rapid increases in headloss. The problems inherent
in maintaining the proper film of DE on the septum have restricted the use
of diatomite filters for wmunicipal purposes, except under certain
favorable raw water quality conditions, #.e., low turbidity and good
bacteriological quality. Specific upper limits of raw water quality
parameters are not well-defined because diatomaceous earth filtration
performance depends on the nature, as well as the concentration, of the
raw water particles and the grades of diatomite esployed. Logsdon (1587b)
reported that filtered water turbidities above 1 NTU and short filter runs
were observed for several diatomaceous earth plants having maxisum raw
water turbidities above 20 NTU.

for a complete exchanﬁe of sand over time, alleviating potential
problems of excessive silt accumulation and clogging of the filter bed
{Bellamy et al., 1985).
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iteri
The minimum design criteria presented in the Ten State Standards far
diatomaceous earth filtration are considered sufficient for the purposes
of compliance with the SWTR with the following exceptions:

a.- The recommended quantity of precoat is 1 kg/m’ (0.2 pounds per
square foot) of filter area, and the minimum thickness of the
precoat filter cake is 3mm to Smm (1/8 to 1/5-inch).'S

b. Treatment plants should be encouraged to provide a coagulant
coating (alum or suitable polymer) of the body feed.'’

0 {ng Requi :
Operating requirements specific to DE filters include:
- Preparation of body feed and precoat

Verification that dosages are proper
- Periodic backwashing and disposal of spent f{lter cake
- Periodic inspection of the septum(s) for cleanliness or damage

- Verification that the filter is producing a filtered water
that meets the performance criteria

4.3.7 Alternate Technologies

The SWTR allows the use of filtration technologies other than those
specified above provided that the system demonstrates to the Primacy
Agency using pilot studies or other means that the filtration technology
when coabined with disinfection achieves at least 3-log Giardia cyst and
4-log virus removal/inactivation. Such technologies must also meet the
turbidity performance criteria for slow sand filtration. Guidance for

16 Studies have shown that a precoat thickness of 1 kg/a® (0.2 1bs/ft?) was
sost effective fn Giardia cyst removal and that the precoat thickness
was more {mportant than the grade size in cyst removal (Dewalle et al.,
1984; Logsdon et al., 1981; Bellamy et al., 1984).

17" Although enhancesent of the DE is not required for Giardia cfst_rguonl.
coagulant coating of the body feed has been found to s gnificantly
improve removals of viruses, bacteria and turbidity. (Brown et al.,
1974; Bellamy et al., 1984).
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conducting pilot studies to demonstrate this effectiveness is provided in
Appendix M of this manual.

Reverse osmosis is a membrane filtration method which is used for
desalination and/or the removal of organic contaminants. The treatment
process i3 effective for the removal of Gjgrdia cysts and viruses and no
demonstration is necessary.

Alternate filtration technologies which are currently available
include, but are not limited to:

- Package Plants
- Cartridge Filters

Package plants in principle are not a separate technology from the
preceding technologies. However, in many cases they are different enough
in design criteria, and operation and maintenance requirements that they
should be considered as an alternate technology. The package plant 1is
designed as a factory-assembled, skid-mounted unit generally incorporating
a single, or at most, a few process units., A complete treatment process
typically consists of chemical coagulation, flocculation, settling and
filtration. Package plants generally can be applied to flows ranging from
about 25,000 gpd to approximately 6 mgd (USEPA, 1988b). In cases where
the Primacy Agency believes that the design criteria of the package plant
corresponds to the design criteria of the processes established earlier
in this section (i.e., that the package plant qualifies as conventional
or direct filtration), the requirement of pilot testing may be waived.

The application of cartridge filters using either cleanable ceramic
or disposable polypropylene cartridges to small water systems may be a
feasible method for resoving turbidity and some microbiological contami-
nants, such as Giardia cysts although no data are available regarding
their ability_to remove viruses. Pilot studies are required to demon-
strate the efficacy of this technology for a given supply. However, if
the technology was demonstrated to be effective through pilot plant
studies at one site, then the technology could be considered to be
effective at another site which had similar source water quality
conditions. Therefore, pilot plant testing at the new site might not be
necessary.
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It is important to note that the demonstration of achieving the 3-
log Gjardia cyst and 4-log virus removai/inactivation requirements
includes disinfection. Thus, if a cartridge filter is demonstrated to
achieve & 3-log removal of Giardia cysts and it is determined by CTs that
the disinfection achieves at least a 4-log virus inactivation, the
effectiveness of the technology would be demonstrated. The technology
must also maintain turbidities less than 1 NTU in 95 percent of the
monthly samples. Meeting this turbidity requirement assures a high
probability that turbidity will not interfere with disinfection and that
the inactivation efficiencies predicted by the CTs are reliable.

Design Criteri
After any necessary pilot studies are conducted and a successful
demonstration of performance has been made, design criteria should be
established and approved by the Primacy Agency. Eventually, a sufficient-
ly large data base will become available, making it easier to apply the
alternate technologies to other water supplies of similar quality.

Operating Requirements

After any necessary pilot studies are conducted and a successfu)
demonstration of performance has been made, operating requirements should
be established and appraved by the Primacy Agency.

4.3.8 Nontreatment Alternatives

Under certain circumstances, some systems may have other alterna-
tives available. These alternatives include regicnalization and the use
of alternate sources.

For small water systems which must provide filtration, a feasible
option may be to join with other small or large systems to forw a region-
al water supply system. [n addition, alternative water sources located
within a reasonable distance of a community which would allow the system
to meet the requirements of the SWTR and other applicable drinking water
regulations, may be developed to provide a satisfactory solution to 2
comunity water quality problem. The availability of alternative ground
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water sources will depend upon the size and location of the system and
the costs involved.

4.4 Disinfection

4.4.1 General

The SWTR requires that disinfection be included as part of the
treatment of surface water for potable use. As noted earlier, EPA
recomends that the number of treatment barriers be commensurate with the
degree of contamination in the Source water in accordance with Table 4-2.
For example, as indicated in Table 4-2, when the total coliforms in the
source water are greater than 5,000/100 ml, conventional treatment with
predisinfection is recommended. However, the selection of appropriate
disinfection requires consideration of other factors in addition to than
those included in Table 4-2. These considerations include:

a. Source water quality and the overall removalsinactivation of

giardia cysts and viruses desired,

b. Likelihood of TTHM formation.

c. Potential need for an oxidant for purposes other than
disinfection including control of taste, odor, iron,
manganese, color, etc.

4.4.2 Recommended Removal/Inactivation
The SWTR requires a minimum 3-log removal/inactivation of Giardia
cysts and a minimum 4-Jog removal/inactivation of viruses:

a. Well-operated conventional treatment plants which have been
optimized for turbidity removal can be expected to achieve at
least a 2.5-log removal of Giardia cysts.

b. Well-operated diatomacecus earth, slow sand filtration and
direct filtration plants can be expected to achieve at least

2«10g removal of Glardia cysts.

EPA recommends that:

a. Conventional filtration systems provide sufficient disinfec-
tion to achieve a minimum of 0.5-log Giardia cyst and 2-log
virus inactivation.
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Slow sand filtration systems provide sufficient disinfection

to achieve 2 minimum of 2-log Giardia cyst and 2-log virus
inactivation.

Systems using diatomaceous earth and direct filtration, or
other filtration methods, should provide sufficient disinfec-

tion to achieve a minimum of I-log Gjardia cyst and 3-log
virus inactivation,

Further guidance on the disinfection level to be provided is
contained in Section 5. CT values for achieving these inactivations are
presented in Appendix E. As indicated in this Appendix:

a.

A comparison of Tables E-1 through E-6 with Table E-7
indicates that systems which achieve a 0.5-1cg inactivation
of Giardia cysts, using free chlorine, will achieve greater
than a 4-log inactivation of viruses.

Ozone and chlorine dioxide are generally more effective at
inactivating viruses than Giardia cysts. However, as
indicated in Tables E-8 through E-11, there are some
conditions under which the disinfection needed to provide the

-recommended virus inactivation is higher than that needed for

the recommended Giardia cyst inactivation. Therefore, a
system using ozone or chlorine dioxide for disinfection must
check the (T values needed to provide the recommended
inactivation of both Giard{a cysts and viruses and provide the
higher of the two disinfection levels. Systeas may demon-
strate their efficiency for overall removal/inactivation using
the protocol {n Appendices G and M.

As indicated in Tables €-12 and £-13, chloramines are much
less effective for inactivating Giardia cysts and viruses than
the other disinfectants. Also, chloramines may be applied to
the system in several ways, either with chlorine added prior
to ammonia, ammonia added prior to chiorine or preformed. For
systess applying chlorine ahead of ammonia, the required level
of disinfection may be determined as follows:

- determine the CT needed to provide the required
fnactivation of Giardia and viruses and provide the
higher of the two levels or
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- follow the protocol in Appendix G to demonstrate
effective inactivation to allow lower levels of
disinfection.

For systems applying ammonia ahead of chlorine or preformed
chloramines, the EPA recommends that the system demonstrate
effective virus inactivation according to the protocol in
Appendix G, since the CT values for virus inactivation in
Table E-13 only apply to the addition of chlorine prior to
ammonia,

Although the SWTR requires a minimum of a 3-log removal/inactivation
of Giardia cysts and a minimum of a 4-log removal/inactivation of viruses,
it may be appropriate for the Primacy Agency to require greater removals/-
inactivations depending upon the degree of contamination within the source
water.

Rose (1988) conducted a survey of water sources to characterize the
level of Giardja cyst occurrence for "polluted and “pristine* waters.
Polluted waters are defined as waters in the vicinity of sewage and
agricultural wastes, while pristine waters are those originating from
protected watersheds with no significant sources of microbiological
contamination from human activities. EPA believes that treatment should
be provided to assure less than one case of microbiologically-caused
illness per year per 10,000 people. In order to provide this level of
protection, 3, 4 or S-log Giardia cyst removal/inactivation should be
provided for the following source water qualities:

Giardia Cyst Resoval/Inactivation Required Based'*!?
———0n Source Water Cyst Concentration

Giardia Inactivation 3-1og 4-10g S-log
Allowable datly avg
cyst concentration/100 L <l >1-10 >10-100
(geometric mean)

¥ Rose, 1988.

1 10°* annua) risk per person based on consumption of 2 liters of water
daily.
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According to these guidelines, systems with sewage and agricultural
discharges to the source water should provide treatment to achieve an
overall S-log removal/inactivation of Giardia cysts, while the minimum
required 3-log removal/inactivation is sufficient for sources with no
significant microbiological contamination from human activities. A 4-log
removal/inactivation of cysts should be provided for source waters whose
level of microbiological contamination is between these two extremes. The
location of discharges or other activities polluting the water supply with
respect to the location of the intake should also be considered in
determining the level of removal/inactivation needed. For instance, long
travel times and substantial dilution of a discharge will lessen the
impact of the discharge on the intake water quality, in which case less
of an increase in the overall treatment recommended above, would be
warranted. It is important to note that these levels of treatment for
different generalized source water characterizations are presented only
as guidelines. The Primacy Agency could develop disinfection requirements
based on these or other guidelines. It could also require systems with
available resources to conduct raw water monitoring for Giardia cyst
concentrations to establish the appropriate level of overall treatment and
disinfection needed.

The Primacy Agency may also review the nature of occurrence of
Giardia-sized particies in the raw water supply and the association with
turbidity occurrence, If it can be demonstrated that a higher degree of
removal of particles in the size range of Gjardia is accomplished when
turbidity levels and associated Giardia levels are elevated, then a log
removal credit higher than 3 could be allowed for that particular
treataent plant, during such occurrences. This credit should correspond
to the 105 particle removal efficiencies accomplished, as determined by
particle counting data, or turbidity data if properly qualified. In all
cases, a minimm of 0.5 log reduction of Giardia should be achieved by
disinfection in addition to the removal credit allowed for by other
treatsent.
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Until a risk analysis for exposure to viruses is developed, a rough
guideline for virus removal/inactivation, can be considered as follows:
a. For a 4-log Giardia cyst removal/inactivation, a 5-log virus
removal/inactivation is recommended.

b. For S-log Giardia removal/inactivation, a 6-log virus
removal/inactivation is recommended.

These guidelines assume that virus occurrence in the source water
is roughly proportional to Gjardia cyst occurrence, and that
- viruses occur at higher concentrations in source waters, or

- are more infectious than Gjardia cysts and

- infections from viruses may have more health risk significance

than Giardia cysts.

Based on these assumptions, higher levels of protection are warranted.

To meet the levels of inactivation recommended here, significant
changes in the system may be required. To avoid changes in the systea
which may result in conflicts with future regulations, the Primacy Agency
may wish to establish interim disinfection levels to provide protection
of the public health prior to the promulgation of the disinfection
by-product regulations and then reconsider whether these levels are still
appropriate after the disinfection by-product regulations are promulgated.
Guidance for establishing interim disinfection requirements is provided
in Section 5.5.

4.4.3 Iota) Trihalomethane (TTHM) Regulations

In addition to complying with disinfection requirements, systems
must meet the requirements of the TTHM regulations. Currently, this
regulation ineludes an MCL for TTHMs of 0.10 mg/L for systems which serve
greater than 10,000 people. EPA expects to issue new regulations with a
lower MCL in the near future. These regulations may also pertain to
systems serving less than 10,000 people. Therefore, the selection of an
appropriate disinfectant or disinfection strategy sust include consid-
eration of current and future regulations.
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5. CRITERIA FOR DETERMINING IF FILTRATION
N NFECTION AR TISFACTORILY PRACT

5.1 Introduction
Under the SWTR, new and existing filtration plants must meet
specified monitoring and performance criteria in order to assure that

filtration and disinfection are satisfactorily practiced. These criteria
include:

Turbidity monitoring requirements

Turbidity performance criteria

Disinfection monitoring requirements

Disinfection performance criteria

The overall objective of these criteria is to provide control of:
Giardia cysts; viruses; turbidity; HPC; and Legionella by assuring a high
probability that:

a. Filtration plants are well-operated and achieve maximum

removal efficiencies of the above parameters.

b. Disinfection will provide adequate inactivation of Giardia
cysts, viruses, HPC and Legionella.

5.2 Turbidity Monitoring Requirements
5.2.1 Jampling Locatjon

The purpose of the turbidity requirements for systems which use
filtration is to indicate:

a. Giardia cyst and general particulate removal for conventional
treatoent and direct filtration

b. General particulate removal for diatomaceous earth filtration
and slow sand filtration

c. Possible interference with disinfection for all filtration
processes

To accomplish the purposes of the turbidity requirements, the SWIR
requires that the turbidity samples be representative of the system's
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filtered water. The sampling locations which would satisfy this
requirement include:

a. Combined filter effluent prior to entry into a clearwell,

b. Clearwell effluent;

c. Plant effluent or immediately prior to entry into the
distribution system; or

d. Average of measurements from each filter effluent.

The selection of sampling locations for demonstrating compliance
with the turbidity performance criteria is left to the system or the
preference of the Primacy Agency.

5.2.2 Sampling Frequency
The turbidity of the filtered water must be determined:

a. At least once every four hours that the system is in
operation, or

b. The Primacy Agency may reduce the sampling frequency to once
per day for systems using slow sand filtration or filtration
treatment gther than conventional treatment, direct filtration
or diatomaceous earth filtration, if it determines that less
frequent monitoring is sufficient to indicate effective
filtration performance. For systems serving 500 or fewer
people, the Primacy Agency may reduce the sampling frequency
to once per day regardless of the type of filtration used if
it determines that less frequent monitoring is sufficient to
indicate effective filtration performance.

A system may substitute continuous turbidity monitoring for grab
sample monitoring if it validates the continuous measurement for accuracy
on a regufar basis using a protocol approved by the Primacy Agency. EPA
recommends that the calibration of continucus turbidity emonitors be
verified at least twice per week according to the procedures established
in Method 214A of the 16th Edition of Standard Methods.'

| Although the 17th Edition of Standard Methods is available, the 16th
Edition is referred to in the SNTR, Continuous turbidity monitors must
be installed properly to prevent air bubbles from reaching the monitor.
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5.2.3 Additional Monitoring

As indicated in Section 4.3.2, EPA recommends that systems equlp
each filter with a continuous turbidity monitor. This recommendation is
not part of the requirements of the SWIR and is not required for
establishing compliance. Rather, it is recommended as a too) for systems
to use to better momitor their treatment efficiency and to provide a
method for detecting a deterioration in filter performance.

If continuous monitoring of each filter effluent cannot be
implemented, then EPA recommends that at least the following be conducted
on & quarterly basis:

a. Monitor each filter, either by grab samples or continuous
menitors, through the course of a routine cycle of operation,
i.e.: from restart to backwash

b. Visually inspect each filter where appropriate for indications
of physical deterioration of the filter

These are general suggestions. The Primacy Agencies are encouraged
to work with the systems to determine the best overall monitoring
program(s) for their particular filtration plants in order to assess the
status of the filter units. Each filter within a system should be
maintained so that each filter effluent meets the turbidity performance
criteria for the combined filter effluent (i.e., the turbidity limits
specified in the SWTR).

5.3 Iurbidity Performance Criteria
The SWTR establishes turbidity performance criteria for each of the

filtration technologies. As previously indicated, these criteria provide
an indication of:

a. Effective particle and microbial removal

b. Potentia) for interference with disinfection

In filtration, effective particle removal depends on both physical
and chemical factors. The particles to be removed must be transported to
the surface of the media and they must attach to the media. When
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efficient particle removal does not occur, the deterioration of filter
performance can be due to either physical problems with the filters or
problems with the treatment chemistry.

Physical problems which can result in a deterioration of filter
performance include:

a. Media loss

b. Media deterioration
c. Mud ball formation
d. Channeling or surface cracking
e. Underdrain failure

f. Cross-connections

In addition, the treatment chemistry has a sigmificant impact on
filtration. Specifically, effective particle removal is a function of
the:

a. Ra: :ater chemistry and the changes induced by the chemicals
adde

b. Surface chemistry of the particies to be removed

c. Surface chemistry of the media

Consequently, when a filter experiences particle or turbidity breakthrough
prior to the development of terminal headloss, the search for alternatives
to correct the problem must include not only an evaluation of the
potential physical causes but the treatment chemistry as well. Generally
this involves an evaluation of one or more of the following:

a. Alsernate coagulant type and/or dose

b. Alternate coagulant aid or flocculant aid type and/or dose
c. Need for an alternate oxidant type and/or dose

d. Need for a filter aid or alternate dose
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$.3.1 (onventional Treatment or Direct Filtration
The minimum turbidity performance criteria for systems using
conventional treatment or direct filtration are:

3.

c.

Filtered water turbidity must be less than or equal to 0.5 NTU
1n 95 percent of the measurements taken every month.

Filtered water turbidity levels of Jess than or equal to I NTU
n 95 percent of the measurements taken every month may be
permitted on a case-by-case basis 1f the Primacy Agency
determines that the system (filtration with disinfection) is
capabie of achieving the minimum overall performance require-
ments of 99.9 percent removal/inactivation of Giardia cysts
at the higher turbidity level. Such a determination could be
based upon an analysis of existing design and operating
conditions and/or performance relative to certain water
quality characteristics. The design and operating conditions
to be reviewed include:

the adequacy of treatment prior to filtration,

the percent turbidity removal across the treatment
train, and

- level of disinfection.

water quality analysis which may aiso be used to evaluate the
treatment effectiveness include particle size counting before
and after the filter. Pilot plant challenge studies
simulating full scale operatian may also be used to demon-
strate effective treatment. Depending on the source water
quality and system size, the Primacy Agency will determine the
extent of the analysis and whether a piiot plant demonstration
is needed. For this demonstration, systems are allowed to
include disinfection in the determination of the overall
performance by the system.’

Filtered water turbidity may not exceed § NTU at any time.

The Primacy Agency can assume that conventional treatment plants
that are meeting the minimum performance criteria are achieving at least

a 2.5-1og removal of Giardia cysts and at least a 2-log removal of viruses
prior to disinfection.’

2

3

The literature indicates that well operated conventional treatment
plants can achieve up to 3-log reduction of Giardia cysts and viruses

Recommended protocol for this demonstration is presented fn Appendix M.

#Logsdson, 1987b and Roebeck et al., 1962). Limiting the credit to 2.5-

ogs for Giardia cysts and 2-logs for viruses provides a sargin of
safety by requiring more disinfection.
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The Primacy Agency can assume that direct filtration plants that are
meeting the minimum performance criteria are achieving at least a 2-log
removal of Giardia cysts and a 1-log removal of viruses.'

Although the minimum turbidity performance criterion allows for a
maximum filtered water turbidity of 0.5 NTU, treatment facilities using
conventional treatment or direct filtration, whose raw water supplies have
turbidity levels of 1 NTU or less, should be encouraged to achieve
filtered water turbidity levels of less than 0.2 NTY.®

Primacy Agencies may allow systems which believe that they are
actually achieving greater than a 2- or 2.5-log Giardia cyst removal to
demonstrate the actual removal achieved using the protoccl outlined in
Appendix M. It is reasonable to expect that systems using conventional
treatment faor high turbidity source water (e.g., turbidities in excess of
100 NTU), and which optimize chemical treatment prior to filtration, may
be achieving a 3-log or greater Gjardia cyst removal if their filter
effluent is substantially below the 0.5 NTU turbidity limit., Softening
plants using conventional processes and 2-stage treatment processes may
also achieve a 3-log Giardia cyst removal/inactivation. The high pH of
softening may result in inactivation of Giardia cysts and viruses which
can be demonstrated according to the protocol outlined in Appendix G.
Appendix M can be used to demonstrate the Giardia cyst removal achieved.

multiple barrier concept.

¢ Literature indicates that well operated direct filtration plants can
achieve up to a 3-1og removal of Giardia cysts and up to a 2-log removal
of viruses (Logsdon, 1987b; Roebeck et al., 1962). Limiting the credit

to 2-log for Giardia cysts and 1-log for viruses provides a margin of
safetyog
multiple barrier concept.

y requiring more disinfection. This {is consistent with the

' Research has desonstrated that f{lter effluent turbidities substantially
lower than 0.5 NTU are needed to obtain effective removals of Giardia
cysts and viruses with low turbidity source waters (Logsdon, 1987b; Al-

Ani et al., 1985).
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5.3.2 §low Sand Filtration
For systems using slow sand filtration, the turbidity perfarmance
requirements are:

a. The filtered water turbidity must be less than or equal to
1 NTU in 95 percent of the measurements for each month.

b. At the discretion of the Primacy Agency, a higher filter
effluent turbidity may be allowed for well cperated plants
(Section 4.3.5) on a case-by-case basis, if there 1is no
interference with disinfection and the turbidity level never
exceeds 5 NTU. Noninterference with disinfection could be
assumed if the finished water entering the distribution system
is meeting the coliform MCL and HPC levels are less than 10/ml
during times of highest turbidity.

c. Filtered water turbidity may not exceed 5 NTU at any time.

Stow sand filtration plants, with appropriate design and operating
conditions and which meet the minimum turbidity performance criteria can
be considered to be well operated and achieving at least a 2-log removal
of Giardia cysts and 2-Tog removal of viruses without disinfection.®
Primacy Agencies may allow systems which believe that they are actually
achieving greater than a 2-log Giardia cyst removal to demonstrate the
actual removal achieved using the protocol outlined in Appendix M.

5.3.3 Diatomaceous Earth Filtration
For systems using diatomaceous earth filtration, the turbidity
performance criteria are:
a, The filtered water turbidity must be less than or equal to
1 NTU in 95 percent of the measurements for each month.

b. The turbidity level of representative samples of filtered
water must at no time exceed 5 NTU.

Diatomaceous earth systems, with appropriate design and operating
conditions and which meet the minimum turbidity performance criterion can

As indicated in Section 4, pilot studies have shown that with proper
nurturing of the schmutsdecke, operation at a saximum loading rate of
0.2 m/hr will provide opticus removal of Giard{ia cysts and viruses
(Logsdon, 1987b; Bellamy et al., 1985).
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be considered to be well operated and achieving at least 2-log removal of
Giardig cysts and at least 1-Tog removal of viruses without disinfection.
Systems which believe that they are actually achieving greater than a 2-
log Giardia cyst removal may demonstrate the actual removal achieved using
the protocol outlined n Appendix M.

5.3.4 Other Filtration Technologies

The turbidity performance criteria for filtration technologies other
than those presented above, are the same as for slow sand filtration.
The Giardia cyst removal achieved by these systems must be demonstrated
to the Primacy Agency. The protocol outlined in Appendix M may be used
as a basis for this demonstration.

Reverse osmosis is a membrane filtration method used to remove
dissolved solids from water supplies. Desalination is a typical use of
the process. Application to potable water treatment is limited to
extremely high quality raw water supplies of low turbidity (1 NTU or
less), or following pretreatment to produce & supply of low turbidity.

The membrane excludes particles larger than 0.001 to 0.0001 um
range, thereby effectively removing bacteria, Giardia cysts and viruses.
Credit can be given for at least a 3-log Giardia cyst and 4-log virus
removal, with no demonstration. It should be noted that this removal
credit assumes the membranes are in tact with no holes in the membranes
allowing the passage of organisms.

5.4 Disinfection Monitoring Requi I

Each system must continuously monitor the disinfectant residual of
the water as it enters the distribution system and record the lowest
disinfectant residual each day. If there is a failure fn the continuous
monitoring equipment, the system may substitute grab sample monitoring
every 4 hours for up to 5 working days following the equipment failure.
Systems serving 3300 people or fewer may take grab sampies in lieu of
continuous monitoring at frequencies as follows:



System Population mp1 a

<500 1
501-1,000 2
1,001 - 2,500 3
2,501 - 3,300 4

The grab samples must be taken at different times during the day,
with the sampling intervals subject to Primacy Agency review and approval.
If the residual concentration falls below 0.2 mg/L, the system must take
another sample within 4-hours and notify the Primacy Agency as soon as
possible, but no later than the end of the next business day, even if the
residual is restored to 0.2 mg/L or greater within 4 hours. If the
residual is not restored to 0.2 mg/L or greater within 4 hours, the system
is in violation of a treatment technique requirement. Each system must
also measure the disinfectant residual in the distribution system at the
same frequency and locations at which total coliform measurements are made
pursuant to the requirements in the revised Total Coliform Rule (54 FR
27544; June 29, 1989). Ffor systems which use both surface and ground
water sources, the Primacy Agency may allow substitute sampling sites
which are more representative of the treated surface water supply.

5.5  DISINFECTION PERFORMANCE CRITERIA
5.5.1 Mininum Performance Criteria Required by the SWIR

For systems which provide filtration, the disinfection requirements
of the SWTR are:

a. Disinfection must be provided to ensure that the total
treatment processes of the system (including filtration)
achieves at least a 3-1og removal/inactivation of Giardia cyst
and a 4-log removal/inactivation of viruses. The Primacy
Agency must determine what level of disinfection s required
for each system to meet this criterion.

b. The system must demonstrate by continuous monitoring and
recording that a disinfectant residual in the water entering
the distribution systes is never less than 0.2 mg/L for more
than 4 hours. If at any time the residual falls below 0.2
mg/L for more than 4 hours the system {s in violation. The
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system must notify the Primacy Agency whenever the residual
falls below 0.2 mg/L before the end of the next business day.

c. The system must demonstrate detectable disinfectant residuals
or HPC levels of 500 or fewer colonies/ml in at least 95
percent of the samples from the distribution system each month
for any two consecutive months.

5.5.2 Recommended Performance Criteria

Disinfection must be applied to assure that the overall treatment
provided achieves at least a 3-log removal/inactivation of Giardia cyst
and a 4-log removal/inactivation of viruses. As outlined in Section 5.3,
well operated filter plants achieve at least a 2 to 2.5-log removal of
Giardia cysts and between 3 1 to 2-log removal of viruses. EPA therefore
recommends that the Primacy Agencies adopt additional disinfection perfor-
mance criteria that include:

2. As a minimum, primary disinfection requirements that are
consistent with the overall treatment requirements of the
SWTR, or preferably;

b. Primary disinfection requirements as a function of raw water
quality as outlined in Section 4.4,

Recomm ini

The required minimum primary disinfection is the disinfection
needed for the entire treatment process to meet the overall treatment
requirement of 3-log Giardia and 4-log virus removal/inactivation. The
following table provides a summary of the expected minimum level of
treatment performance in well operated filter systems and the recommended
level of disinfection.

Expected Recommended Disinfection
Convent{onal 2.5 2.0 0.5 2.0
Direct 2.0 1.0 1.0 3.0
Slow Sand 2.0 2.0 1.0 2.0
Dig:::;cenus 2.0 1.0 1.0 3.0
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In cases where the system helieves that the treatment processes are
achieving greater removals than those listed above, the actual removal
provided by the processes can be demonstrated through the procedures
outiined in Appendix M.  However, EPA recommends that, despite the
removals demonstrated, systems should provide a minimum of 0.5 log Giardia
cyst wnactivation to supplement filtration and maintain a second treatment
barrier for microorganisms.

Recomm isinfecti i W 1i

Although the SWTR requires the overall treatment to provide a
minimum of a 3-log Giardia cyst and a 4-log virus removal/inactivation,
it may be appropriate for the Primacy Agency to require greater removals/-
inactivations depending on the degree of contamination in the source water
as presented in Section 4.4. Following is a summary of the recommended
overall treatment which should be provided based on an estimate of the
Giardia cyst concentration in the source water:

Allowable daily avg
cyst concentration/100 L

—(geometric mean) <l 21-10  =210-100
Giardia cyst Removal/Inactivation  3-log 4-10g 5-1og
Virus Removal/Inactivation 4-log 5-log 6-1og

If a siow sand filtration plant must achieve a 4-log removal/inacti-
vation of Giardia cysts and a 5-log removal/inactivation of viruses, and
credit for 2-log Giardia cyst and 2-log virus removal by filtration is
granted, disinfection for 2 2-log Giardia cyst inactivation and 3-log
virus inactivation would be needed to meet the overall removal/inacti-
vation. However, Primacy Agencies may allow systems which use particle
size analysis cutlined in Appendix M to demonstrate greater than a 2-log
Giardia cyst removal to provide less than 2-log Giardia cyst inactivation
through disinfection.
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5.5.3 Disinfection By-Product Considerations

Although the EPA suggests increased levels of disinfection for
various source water conditions, a utility should not implement such a
change without considering the potential conflict with the requirements
of existing or future disinfection by-product regulations. EPA intends
to promulgate National Primary Orinking Water Regulations to regulate
levels of disinfectants and disinfection by-products when it promulgates
disinfection requirements for ground water systems (anticipated in 1992).
EPA is concerned that changes required in utilities' disinfection
practices to meet the recommended inactivations for the SKTR might be
inconsistent with treatment changes needed to comply with the forthcoming
regulations for disinfectants and disinfection by-products. For this
reason, EPA recommends that Primacy Agencies exercise discretion,
sensitive to potential disinfection by-product concerns, in determining
the level of disinfection needed for filtered systems to meet the overall
treatment requirements specified in the rule or recommended based on
source water quality,

Until the promulgation of the disinfection by-product regulation,
EPA recommends that the Primacy Agency allow more credit for Giardia cyst
and virus removal by filtration than otherwise recommended if a) the
Primacy Agency determines that a system is not currently at a significant
risk from microbiolocgical contamination at the existing level of
disinfection and b) less stringent interim disinfection conditions are
necessary for the system to modify its disinfection process to optimally
achieve compliance with the SWTR as well as the forthcoming disinfection
by-product requlations. The following paragraphs outline the recommended
disinfection levels for systems meeting the above conditions.

For well-operated conventional filtration plants that meet the
minisum turb{dity requirements at all times, the Primacy Agency may
consider giving the system credit for 3-log Giardia cyst removal (in lieu
of the generally recommended 2.5-log credit). Also, for well-operated
direct filtration plants, the Primacy Agency may consider giving the
system credit for 2.5-log Gfard{a cyst removal in lieu of the generally
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recommended 2.0-log credit. EPA recommends that these additional credits
be given for conventional or direct filtration only if:

a. The total treatment train achieves 1) at least 99 percent
turbidity removal, or filtered water turbidities are
consistently less than 0.5 NTU, whichever is lower,” or 2) a
99.9 percent removal of particles in the size range of 5 to
15 um is demonstrated as outlined in Appendix M:® and

b. The level of heterotrophic plate count (HPC) bacteria in the
finished (disinfected) water entering the distribution system
is consistently less than 10/ml.

Systems using slow sand filtration or diatomaceous earth filtration
may be given interim credit for up to 3-log Giardia cyst removal if the
system meets the recommended conditions listed above for conventional
systems. Pilot plant studies have demonstrated that these technologies,
when well operated, generally achieve at Teast 3.0-log removals (USEPA,
1988a).

The EPA believes that interim level of disinfection requirements may
be appropriate in some cases depending upon source water quality,
reliability of system operation and potential increased health risks from
disinfection by-products. EPA intends to regulate disinfectants and
disinfection by-products in 1992. At this time it will become apparent
how systems with disinfection by-product problems can optimally meet the
disinfection requirements of the SWIR and the disinfection by-products
regulations, concurrently,

For example, a system with a raw water turbidity averaging 20 NTU

saintaining a filtered water turbidity less than 0.2 KTU can be granted

3-log Giardia cyst removal credit with no further demonstration.

In cases where the Primacy Agency has a data base which shows a

correlation between turbidity and Giardia cysts removal, turbidity may
be used in lieu of particle size analysis. Turbidity removal
requirements should be set to assure 99.9 percent Giardja cyst removal.
A correlation between turbidity and Gjardia cyst removal was shown in

a study reported by Hendricks et al (1984).
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5.5.4 Recommended Disinfection System Redundancy

The SWTR does not require a redundant disinfection system for
filtered supplies. However, in order to assure the continuous provision
of disinfection to meet the overall removal/inactivation requirements and
te maintain a residual entering the distribution system, EPA recommends
that redundant disinfection equipment be provided. As contained in the
1987 edition of Ten State Standards, where disinfection is required for
protection of the supply, standby equipment is required. Automatic
switchover should be provided as needed, to assure continuous disinfectant
application.

Recommendations for providing redundant disinfection are outlined
in Section 3.2.4 and detailed in Appendix I.

5.5.5 Determination of [pactivation by Disinfegction

The desired level of inactivation can be achieved by disinfection
at any point in the treatment or distribution system prior to the first
customer. Oisinfection provided prior to filtration is referred to as
pre-disinfection while disinfection after filtration is referred to as
post-disinfection. As presented in Section 3.2, the ipactivation of
giardia cysts and viruses provided by disinfection are indicated by CT
values.

The SWTR defines CT as the residual disinfectant concentration(s)
in mg/L multiplied by the contact time(s) in minutes. The contact time
is measured from the point of disinfectant application to the point of
residual measurement or between points of residual measurement. The
inactivation efficiency can be determined by calculating CT at any point
along the process after disinfectant application prior to the first
customer,

A system. may determine the inactivation efficiency based on one
point of residual measurement prior to the first customer, or on 3 profile
of the residual concentration after the point of disinfectant application.
The residual profile is generated by monitoring the residual at several
points between the point(s) of disinfectant application and the first
customer. The system can then use the method described in Section 3.2 for
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determining the total inactivation credit. Profiling the residual allows
for credit of significantly higher residuals which may exist before the
water reaches the first customer. Methods for determining various
drsinfectant residuals are described in Appendix D.

In pipelines, the contact time can be assumed equivalent to the
hydraulic detention time and is calculated by dividing the internal volume
of the pipeline by the peak hourly flow rate through the pipeline. In
mixing basins and storage reservoirs, the hydraulic detention time
generally does not represent the actual disinfectant contact time because
of short circuiting. The contact time in such chambers should be
determined by tracer studies or an equivalent demonstration. The time
determined from the tracer study to be used for calculating CT is T Tio
represents the time that 80 percent of the water (and microorganisms
within the water) will be exposed to disinfection within the disinfectant
contact chamber. Guidance for determining detention time in contact
chambers is provided in Appendix C.

The residual disinfectant concentration should te measured daily,
during peak hourly flow, for each disinfectant section prior to the first
customer in the distribution system. Unless a system knows from
experience when peak flow will occur, a system can only identify peak
hourly flow after it has occurred. Therefore, EPA suggests that residual
measurements be taken every hour. If it is not practical to take grab
samples each hour, the system may take grab samples during the period peak
flow is expected to occur, or continuous monitors may be used. The
measurements taken during the hour of peak flow can then be used to
determine the CT for each section (CT , ). The determination of (Ts is
explained in Section 3.2.1.

Although the {nactivation maintained in the system is determined
during peak hourly flow, the disinfectant dosage applied to maintain this
inactivation may not be necessary under lower flow conditions. Under
Tower flow conditions, a higher contact time is generally available and
the CT needed to meet the required inactivation may be met with a lower
residual concentration. Continuing to apply a disinfectant dosage based
on the peak hourly flow may provide more disinfection than is needed,
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increasing costs and possibly resulting in increased levels of disinfec-
tant by-products. However, the system should alsc maintain the required
inactivation levels at non-peak hourly flows. The system should therefore
evaluate the dose needed to provide the CT necessary for maintaining the
required inactivation under different flow conditions and set the dosage
accordingly. The following example provides guidelines for determining
flow ranges and disinfection levels to maintain the required disinfection.

Example

A 20-mgd direct filtration plant applying free chlorine as a
disinfectant has a contact time of 27.5 minutes under peak flow condi-
tions, As noted in Section 5.3, well-operated direct filtration plants
achieve 2-log Giardia cyst removal and 1-log virus removal. Therefore,
disinfection for 1-log Qiardia cyst inactivation and 3-log virus
inactivation is recommended. The pH and temperature of the water are 7
and 5 C, respectively, Using Table E-2, a CT of 55 is required to achieve
l-log Giardia cyst inactivation at a residual of 2 mg/L. This level of
treatment is more than adequate for 3-log inactivation of viruses
requiring a CT of 6, as indicated in Table £-7. However, under low flow
conditions the available contact time is longer, and lower residuals are
needed to provide the same level of inactivation. Based on the calculated
contact time under various flow rates and the CT values in Table E-2,
adequate disinfection would be provided by maintaining the following
chlorine residuals for the indicated flows:

Contact (mgjfemin) Free Chlorine
Elow (MGD) he _(min) Required :
20 27.5 55 2.0
15 36 52.5 1.5
10 54 50 1.0
5 108 47 0.5

CT,, corresponds to a 1-log inactivation. If a different level of
inactivation were needed, CT values for that inactivation would be read
from the tables corresponding to the pH and temperature of the water.
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- Section 3.2.2 lists the percent inactivations corresponding

to log inactivations, i.e., 0.5-log equals 68 percent
requiring CT,,.

= In cases where the residual, pH or temperature of the water
is an intermediate value not reported in the tables, linear
(straight-l1ine) interpolation may be used.

-. For example, in the above Yisting, 0.5 mg/L residuals are not
included 1tn the Appendix E tables. The CT o value was
determined by interpolating between the <0.4 mg/l value of 46
mg/L-min and the 0.6 mg/L value of 48 mg/L-min.

- CT values for intermediate pH and temperature values may also
be interpolated; or

- The CT values for the higher pH or Jower temperature listed
in the table may be used instead of interpolation,

- (LT, , tables in the SWTR can be used to calculate the CT
required to achieve any log inactivation by:

log inactivation
CTrequired = required x CT

3.9 Yog 9

The variation in CT required with respect to the residual for
chlorine makes it impractical for the utility to continually change the
disinfectant dose as the flow changes. Therefore, EPA suggests that the
flow variation at the utility be divided into ranges and the residual
needed at the higher flow of the range be maintained for all flows within
the range to assure adequate disinfection. The following flow ranges and
residuals at the given pH and temperature are suggested for this plant:

Free Chlorine

flow Range (MGD)
5'10 1.0
10‘15 1-5
15-20 2.0

In this way, the utility is assuring the provision of the required
disinfection while minimizing the disinfectant costs and passibly lowering
disinfection by-products.
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Although these residuals will meet the required CT, maintaining a
residual in the distribution system must also be considered. If there is
no other point of disinfection prior to the distribution system, the
residual for disinfection must be maintained at a level which will also
provide 2 residual throughout the distribution system. The complete range
of floas occurring at the plant should be evaluated for determining the
required residual, The utilities may establish the residual needs for as
many flow ranges as is practical.

The Primacy Agency should make periodic checks to assure that the
utility is maintaining adequate disinfection at both peak and non-peak
flow conditions.

In contrast to this close control of disinfectant addition and CT
monitoring, for filtered systems which have long detention times and
regularly exceed the CT requirements for the inactivation needed, it may
be unnecessary for the system to calculate CTs each day of operation.
Unlike unfiltered systems where CTs must be calculated each day, for
filtered systems, monitoring the residual at the end of the zontact time
may be sufficient to indicate that the required disinfection is provided.
However, this resuits in much higher CTs in the summer than is needed,
which adds to costs and possibly unnecessary increased production of
disinfection by-products. The following example outlines one scenario for
which this would apply.

Example

A utility disinfects with chlorine ahead of a reservoir prior to
direct filtration. The Primacy Agency may give a well-operated direct
filtration plant credit for 2-log Giardja cyst removal and 1-log virus
removal. Therefore, 1-log Giardia cyst and 3-log virus inactivation
through disinfection is needed. For free chlorine, the CTs for 1-log
Giardfa cyst inactivation exceed the CTs for 3-log virus inactivation,
Therefore, CTs for Giardia cyst inactivation are the controlling CTs. The
following water quality conditions occur in the reservoir during the year:

pH 7-12.5
Temperature (* C) 5.2
Chlorine residual (mg/L) 0.2 -0.8
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The required CT for chlorine increases with:
- increasing residual,

= increasing pH, and

- decreasing temperature

Thus, for a residual of 0.8 mg/L the CT needed for a 1-log Giardia
cyst 1nactivation 1s as follows:

CT90
pH Temperature (C) mg/L-min
7.5 5 58 (Table £-2)
7 20 18 (Table E-5)

Tracer studies conducted on the reservoir indicated a T, of 150
minutes at the system's maximum flow. For the maximum CT of 58 mg/L-min
required, the wminimum residual needed to meet this requirement is 0.4

#9/L, calculated as:
58 mg[L-mjn = 0.4 mg/L
150 min

At a residual of 0.4 mg/L, CT , is 55 mg/L-min. Thus, any residual 0.4
mg/L will provide the needed disinfection throughout the year and the
Primacy Agency may require the system to report only the residual
maintained, reducing the effort needed to determine effective disinfec-
tion. Maintaining this residual in the susmer, however, provides much
higher CTs than needed, possibly resulting in unnecessary costs and
increased disinfection by-products.

Meeting the Recommended Inactivation Using Free Chlorine

As previcusly indicated in Section 3.2.1, the effectiveness of free
chiorine as a disinfectant {s influenced by both the temperature and pH
of the water and by the concentration of chlorine. The {nactivation of
Giardia cysts by free chlorine at various temperatures and pHs are
presented in Appendix E (Table £-1 through Table E-6). The CT values for
the inactivation of viruses by free chlorine are presented in Table E-7.
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To determine whether a system is meeting these inactivations, the
free chlorine residual, pH and temperature must be measured, at one point
or several paints prior to the first customer, where contact time(s) is
measured. The contact time should be determined from the point of
application of the disinfectant to the point(s) where the residual is
measured for determining CTs prior to the first customer. The CTs
actually achieved in the system should then be compared to the values n
the table for the pH and temperature of the water at the point(s) of
residual measurement. Guidance on calculating the CT for chlorine is
presented in Section 3.2.1.

Meetin Recommen nactivation Usi lori ioxi

CT values for the inactivation of Giardia cysts by chlorine dioxide
are presented in Table E-8 and the CT values for the inactivation of
viruses are presented in Table E-9. As shown in Tables E-8 and E-9, the
only parameter affecting the CT requirements for chlorine dioxide is
temperature. However, the disinfection efficiency of chlorine dioxide may
be significantly increased at higher pHs. Since the CT values in Tables
E-8 and E-9 were based on data at pH 7 and 6, respectively, and chlorine
dioxide appears to be more effective at higher pHs, systems with high pHs
may wish to demonstrate that CT values lower than those presented in
Tables E-8 and E-9 may achieve the desired level of inactivation.

Chlorine dioxide residuals are short-lived. Therefore, sampling and
residual analysis at various points in the treatment process downstream
of the point of application may be necessary to establish the last point
at which a residual is present. Subsequent sampling and residual analyses
conducted upstream of this point can be used to determine the CT credit
by using the demonstrated detention time between the point of application
and the sampling location. Methods for calculating CT values are
presented in Section 3.2. Systems using chlorine dioxide may conduct
pilot studies to demonstrate effective disinfection in lieu of calculating
CT, or for determining that lower CT values than those in Appendix E are
appropriate. Guidelines for conducting these studies are presented in

Appendix G.
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i Recommen nactivation usin

CT values for the inactivation of Giardia cysts by ozone are
presented in Table E-10 for various temperatures and inactivation rates.
As indicated in this table, the CTs required for inactivation with ozone
are substantially lower than those required for free chlorine. This
reflects the fact that ozone is a more powerful disinfectant. The CT
requirements for inactivation of viruses using ozone are presented in
Table E-11. Because of the reactivity of ozone, it is unlikely that a
residual will exist for more than a few minutes. As a result, the
application of a persistent disinfectant such as chlorine or chloramines
is needed to maintain the required disinfectant residual in the distribu-
tion system. Guidance for calculating CT values for ozone are presented
in Section 3.2.1. In lieu of calculating the CT for an ozone contactor
or to demonstrate that lower CTs are effective, the disinfection
efficiency can be demonstrated through pilot studies as presented in
Appendix G.

Meeti n nactivation Recuir i rami

CT values for the inactivation of Giardia cysts by chloramines are
presented in Table E-12. The high CT values associated with the use of
chloramines may be unachievable for some systems. In these cases,
chlorine, ozone, or chlorine dioxide should be used for primary disinfec-
tion, and chloramines for residual disinfection, as necessary. Table E-
13 presents CT values for the inactivation of viruses with chloramines.
This table is only applicable for indicating virus inactivation efficien-
cies if chlorine is added prior to ammonia. Systems which add ammonia
prior to chlorine or ammonia and chlorine concurrently, can determine
viral inactivation efficiencies using the protocol given in Appendix G.
for systems applying chloramines to meet the virus inactivation require-
ments, EPA recommends that they also monitor for HPC in the finished
water, as presented in Section 5.6. Systems also may demonstrate
effective disinfection with chloramines in lieu of calculating CT, or to
determine that lower CT values than those indicated in Appendix E are
appropriate. The protocols outlined in Appendix G can be used for this
demonstration. Further guidance on chloramines is given in Section 3.2.1.
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Meeting the Inactivation Requirement
i 1 jgl Radiati

Ultraviolet radiation is a method of disinfection which can be
applied to meet the virus inactivation requirements of the SWTR.

UV disinfectant dose, expressed in terms of UV intensity and
exposure time/unit area (mH-sec[cmz) incorporates the elements of the CT
concept and therefore can be considered as analogous or equivalent to a
CT value. UV disinfection usually employs commercially available units
designed to deliver doses of 25 to 35 mW-sec/cm!. The dose can be
increased by reducing water flow rate and/or by adding additional units
in series. UV disinfection efficiency differs from that of chemical
disinfectants in that it is not affected by water temperature. UV
radiation does not effectively penetrate solids and is absorbed by certain
dissolved substances. Therefore, turbidity and other water quality
factors are important determinants of UV disinfection efficiency, and UV
should be applied after turbidity removal.

CT values for the inactivation of Giardia cysts by UV are not
included in Appendix E. The results of two studies {Rice and Hoff, 1381:
Carlson gt 3], 1985) indicate that Giardia cysts are extremely resistant
to inactivation by UV with doses greater than 60 mW-sec/cm’ causing less
than 80% inactivation. Because UV appears to be very ineffective for
Giardia cyst inactivation and in the absence of sufficient data showing
the doses needed to inactivate 0.5 to 3.0 logs of cysts, UV must be used
in combination with other disinfectants to provide evidence of effective
cyst inactivation,

CT values for the inactivation of viruses by UV are presented in
Table E-14. Units used for UV disinfection should be equipped with fail-
safe devices that will provide automatic shutdown of water flow if UV dose
decreases to levels lower than those specified in Table £-14.

Meeting tfe Inactivation Requirement Using Alternate Disinfectapts

For system using disinfectants other than chlorine, chloramines,
chliorine dioxide, or ozone, the effectiveness of the disinfectant can be
demonstrated using the protocol contained in Appendix G. The protocol in
Appendix G.3 for batch testing should be followed for any disinfectant
which can be prepared in an agueous solution and will be stable throughout
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the testing. For disinfectants which are not stable, the pilot study
protocol outlined in Appendix G.4 should be followed.

Examples for Determining the Disinfection to be Provided

1} Recommended 0.5-1 iardi -log Virus Inactivatio

A community of 70,000 uses a river as its drinking water source.
Ozonation prior to a conventional treatment plant is used to treat the
water. The source has a protected watershed with limited human activity

and no sewage discharge. The river water has the following water quality
characteristics:

Turbidity 10 - 200 NTY
Total estimated Giardia cyst level <17100 /L

pH 7.0 - 7.5
Temperature 5-15

The treatment plant has a design capacity of 15 mgd and treats an
average flow of 10 mgd. A three chamber czone contactor precedes the
repid mix. Alum and polymer are added as a coagulant and coagulant aid,
respectively. The finished water turbidity at the plant is maintained
within the range of 0.1 to 0.2 NTU. Chloramines are appiied after the
filters, but prior to the clearwells, to maintain a residual entering and
throughout the distribution system.

Based on the raw water quality and source water protection, an
overall 3-log Giardia cyst and 4-log virus removal/inactivation is
appropriate for this water source. However, as noted in Section 5.3,
Primacy Agencies may credit well operated conventional filtration plants
with 2.5-log Giardia cyst removal and 2-log virus removal. Therefore,
disinfection for 0.5-log Giardia cysts and 2-log viruses is recommended
to meet the overall treatment requirements of the SWTR.

On the di} of this example caiculation, the peak hourly flow rate
of the plant was 13 mgd. The contact time of the ozome basin, T
determined from tracer study data is 6 minutes for this flow. The water
had a pH of 7 and a temperature of 5 C on the day of the calculation. For

5-23



ozone under these conditions of pH and temperature, the following CTs are
needed for the required inactivation (Tables €-10, E-11):

0.5-log Giardia 2-log virus
cT 0.3 0.6

The CT valves indicate that viruses are the controlling parameter for
disinfection and the overall inactivation provided will be calculated
based on viruses. The overall virus inactivation provided by the ozone
contactor is determined as follows:

Average
Chamber Ee?‘d“r; ( Tw . CT:“f CTsss. i CTeare/CTos 5
1 0.1 2 0.2 0.9 0.22
2 0.2 2 0.4 0.9 0.44
3 0.2 2 0.4 0.9 0.44

The sum of CT  /CT.. . is 1.1. This corresponds to more than a 3-log
virus inactivation determined as 3 X CT,, /CT, . = 3 X 1.1 = 3.3-log.
Therefore, the system exceeds the recommended inactivation.

2) R - iardi - ivati

A 2 MGD slow sand filtration plant treating reservoir water, fed by
mountain streams with no nearby wastewater discharges, provides drinking
water for a community of 8,000 people. The water quality at the intake

has the following water quality characteristics:

Turbidity 5 - 10 NTU
Total coliforms Not measured
Total estimated Giardia cyst level <17100 L

pH : 6.5-7.5
Temperature §-15¢C

The filtered water turbidity ranges from 0.6 - 0.8 NTU. Considering
the source water quality and plant performance, an overall 3-log Giardia
cyst and 4-log virus removal/inactivation is considered sufficient for
this system. As noted in Section 5.3, the Primacy Agency may credit slow
sand plants with 2-log Giardia cyst and 2-log virus resoval. Therefore
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disinfection for 1-log Giardia cyst and 2-log virus inactivation 1§
recommended for the system to meet the overall treatment requirements.

Chlorine is added prior to the clearwells to provide disinfection.
The clearwells have a capacity of 80,000 gallons. A one mile, 16-inch
transmission main transports the water from the treatment plant to the
first customer. The inactivation provided is determined laily for the
peak hourly flow conditions. Tracer studies have been conducted to
determine the T , for the clearwells for different flow rates. For the
purposes of calculating the inactivation the system is divided into two
sections.

Section 1 - clearwell

Section 2 - transmission main

The flowrate at peak hourly flow from the clearwell was 1.5 mgd on
the day of this example. At this flowrate, the T , of the clearwell is 67
minutes, as determined from the results of the tracer studies. At this
flowrate, water travels through the transmission main at 99 ft/min. The
data for the calculation of the inactivation is as follows:

dection 1  Sectien 2
length of pipe (ft) 0 5280
contact time (min)
pipe 0 53
basin 67 0
total 67 83
disinfectant chlorine chlorine
residual (mg/L) 1.0 0.6
temperature C 5 5
pH 7.5 7.5

For free chlorine, 8 1-1og Giardia cyst inactivation provides greater than
3 4-log virus inactivation; therefore, Giardia cyst inactivation is the
controlling p&rameter, and the inactivation provided is determined based
on Giardis cysts. The calculation is as follows:

Section 1 - Chlorine

CT, . = 1.0 mg/L x 67 minutes = 67 mg/L-min

cale

From Table E-2, at a temperature of 5 C and a pH of 7.5, CT,, . is
179 mg/L-nin
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CT. . o/CTy, = _8Z mg/L-min =« 0.37
179 mg/L-min

Sectign 2 - Chlorine
CTosie = 0.6 mg/L x 53 minutes = 32 mg/L-min

cale

From Table E-2, at a temperature of 5 C and a pH of 7.5, CTyg ¢ is
171 mg/L-min

cTulJCT999 = 32 mg/L-min = 0.19
171 mg/L-min

The sum of €T, /CT,, . is equal to 0.56. This is equivalent to a 1.7-1og
Giardia cyst inactivation determined as 3-log x CT, 01 /CTyg 9 = 3 x 0.56 =
1.7-1ogs. Therefore, the system exceeds the disinfection recommended to
meet the overall treatment requirements.

3) R ted 2-log Giardia Cyst. 4-10g Vi Inactivati

A community of 30,000 people uses a reservoir treated by direct
filtration for its water supply. The reservoir is fed by a river which
receives the discharge from a wastewater treatment plant 10 miles upstream
of the reservoir. The reservoir water quality is as follows:

Turbidity 5 - 15 ATU

Total coliforms 160 - 10007100 ml
Total estimated Giardia cyst level 5/100 L

pH 6 -7
Temperature $-158¢C

Based on the source water quality, an overall removal/inactivation
of 4-log Giardia cyst and 5-log virus is recommended as outlined in
Section 4.4.

The source water flows by gravity to a 3 MG storage reservoir prior
to pumping to the water treatment plant. Chloramines are produced by
first adding chlorine then ammonia to the water within the inlet of the
storage reservoir. Chlorine dioxide is added to the fiitered water prior
to the clearwells. Chloramines are applied after the clearwells to
maintain & residual in the distribution system. The system design fiow
is 8 mgd with an average flow of 5 mgd. For the calculation of the
overall inactivation, the system is divided into 2 sections. '
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Section 1 - the storage reservair and the transmission to the
treatment plant

Section 2 - the clearwells

The overall inactivation for the system is computed daily at the
peak hourly flow conditions. The pH, temperature, and disinfectant
residual is measured at the end of each section prior to the next point
of disinfectant application and the first customer. The flow is measured
in the transmission main entering the plant and exiting the clearwells.
On the day of this example calculation, the peak hourly flow was 6 mgd in
the transmission mains entering and leaving tha plant. If the flowrates
were different, the T, corresponding to the respective flowrate would be
used in the calculation. Guidance for determining CTs when flowrates vary
within a system is given in Section 3.2. The water velocity through the
20-inch transmission main is 256 ft/min at a flow of 6 mgd. Tracer
studies were conducted on the storage reservoir and clearwells, As
determined from the testing the detertion times, T,o« Of the basins at a
flow of 6 mgd are 380 and 130 minutes for the storage reservoir and
tlearwells, respectively. The data for the calculation of inactivation
is as follows:

section 1 Section 2
length of pipe (ft) 4500 0
contact time (min)
pipe 18 0

basin 380 130

total 398 130
disinfectant chloramines chlorine dioxide
residual (mg/L) 1.5 .
temperature C 5 5
pH 7 7

For sach of the disinfectants used, the following CTs are needed for
2-log Giardia and 4-log virus inactivation for the pH and temperature
conditions of the systea.
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CT for 2-1og CT for 4-10g

Giardia Virys
chloramines 1430 1988
chlorine dioxide 17 33.4

The CT required for the virus inactivation is higher than that
needed for Giardja inactivation for each of the disinfectants. Since the
viruses are the controlling parameter, the inactivation calculation will
be based on the viruses. The calculation is as follows:

Sectign 1 - Chloramines
CT,ic = 1.5 mg/L x 398 minutes = 597 mg/L-min

From Table E-13, at a temperature of 5 C and a pH of 7, CT is

1988 mg/L-min ¥ 5

-min = 0.3
1988 mg/L-min

Section 2 - Chlorine Dioxide
CT.,.. = 0.2 mg/L x 130 minutes =« 26 mg/L-min

cruchCT” 59 *

from Table E-9, at a temperature of 5 C and a pH of 7, CTyq 49 '8
33.4 mg/L~min

€T 01/ CToq o5 = 26_ma/Lomin = 0.78
calel 7799 99 33.4 mg/L-min

The sum of CT_,, /CT,, o, is equal to 1.08, which is equivalent to a 4.3-1ag
inactivation of viruses, determined as follows:

x = 4-log x 'calc « 4 x 1.08 = 4.3-10gs
CToo 99

Therefore, the system provides sufficient disinfection to meet the overall
recommended treatment performance.
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5.6 QOther Considerations

Monitoring for heterotrophic plate count (HPC) bacteria is not
required under the SWIR. However, such monitoring may provide a good
operational tool for:

- Measuring microbial breakthrough
= Evaluating process modifications
= Detecting loss of water main integrity

= Detecting bacterial regrowth conditions within the distriby-
tion system

= Determining interference with the coliform measurements (AWWA,
1987)

Therefore, EPA recommends routine monitoring for HPC in the plant
effluent and within the distribution system whenever the analytical
capability is available in-house or mearby. Systems which do not have
this capability should consider using a semi-quantitative bacterial water
sampler kit, although this is not acceptable for compliance monitoring.

As discussed in the preamble to the SWTR, EPA believes that it is
inappropriate to include KPC as a treatment performance criterion in the
rule since small systems would not have in-house analytical capability to
conduct the measurement, and they would need to send the samples to a
private laboratory. Unless the analysis is conducted rapidly, HPC may
muitiply and the results may not be representative.

EPA recommends an HPC level of less than 10/al in the finished water
entering the distribution system and Tevels of less than 500/} throughout
the distribution system.

Legionella is another organism which is not included as a treatment
performance criterion. Inactivation information on Leginnells is limited.
EPA belisves that treatment which complies with the SWTR will remove
and/or {nactivate substantial levels of Legionella which might occur in
source waters, thereby reducing chances that Legionella will be trans-

_ported through the systes and reducing the possibility that growth sight
occur in the distribution system or hot water systems within homes and
institutions. Since Legionella are similar in size to coliform organisas,
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removals by filtration should be similar to those reported for total
coliforms. In addition, the available disinfection information indicates
that the CT requirements for inactivation of Legignella are lower than
those required for the inactivation of Giardia cysts. EPA recognizes,
that regardless of the treatment provided, some Legionella may enter
plumbing and air ceonditicning systems and subsequently multiply (Muraca
et al., 1986). EPA believes that these concerns are best addressed
through guidance contained in Appendix 8.
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6. REPORTING

6.1 Reporting Requirements for Public Water Systems
Not Providing Filtration

The SWTR requires unfiltered systems to prepare monthly reports for
the Primacy Agency to determine compliance with the requirements for:

source water fecal and/or total coliform levels

source water turbidity levels

disinfection level

disinfectant residual entering the distribution system
disinfectant residuals throughout the distribution system.

LI N IR B

The monthly reports must be prepared and submitted to the Primacy
Agency within 10 days after the end of the month. The utility must
maintain a daily or monthly data log used to prepare the monthly reports.
Tables 6-1 through 6-5 are examples of daily data sheets which the
utilities may find useful for logging the data needed to prepare reports
for the Primacy Agency.

Table 6-6 presents a concise format which can be used by the system
for the monthly reports to the Primacy Agency. Tables 6-3 and 6-4 must
also be submitted with the monthly report. After the initial 12 months
of reparting, the Primacy Agency may remove the requirement for reporting
the information contained in Table 6-3 if it is satisfied that the system
is computing compliance with the CT requirements correctly. The
individual sample results summarized in the monthly reports should be kept
on file at the utility for a minimum of § years.

In addition to the monthly reporting requirements for source water
quality conditions and disinfection information, systems with unfiltered
supplies are also required to submit annual reports for the watershed
control program_and the on-site inspection, within 10 days after the end
of the federal fiscal year.

The Primacy Agency will review the reports to determine whether the
system i{s in compliance. A possible report forwat for the watershed
control program is:
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1. Summarize all activities in the watershed(s) for the previous
year.

2. Identify activities or situations of actual and potential
concern in the watershed(s).

3. Describe how the utility is proceeding to address activities
creating potential health concerns.

EPA recommends that the Primacy Agency submits the annua) watershed
reports to the State Water Quality Managers. The reports will be useful
in updating statewide assessments and management programs.

The SWTR requires each system to provide the Primacy Agency with a
report of the on-site inspection unless the inspection is conducted by the
Primacy Agency. EPA suggests that:

1. A report of the inspection containing the findings, suggested
improvements and dates by which to complete improvements is
to be prepared following the initial system review. wWhen and
how system has resolved problems identified in the previcus
report should also be included.

2. To lessen the burden on utilities, a report containing results
of the general survey should be submitted in subsequent years.

In addition to these reporting requirements, the SWTR requires that
the reporting requirements of the Total Trihalomethane Regulation and the
Coliform Rule also be met.

Records of waterborne disease outbreaks also must be maintained.
In the event of a waterborne disease outbreak, as defined in part 141.2
of the SWTR, the Primacy Agency must be notified by the end of the next
business day.

The report of the outbreak should contain:

1.  Date of occurrence

2. Type of illness

3. Number of cases

§. System conditions at the time of the outbreak, including
disinfectant residuals, pH, temperature, turbidity, and
bacteriological results.

The records of an outbreak should be maintained permanently or until
filtration is installed.
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6.2 rting Requirements for Public Water m ing Filtration

The SWTR requires filtered water systems to submit monthly reports

to the Primacy Agency for determination of compliance with the require-
ments for:

“treated water turbidity

- disinfectant residual entering the distribution system
- disinfectant residuals throughout the distribution system

Tables 6-7 and 6-8 present a format which the utility can use as a daily
data log and to submit monthly reports to the Primacy Agency.

Recomm rting N

The Primacy Agency may aiso want filtered water systems to report
some information associated with recommendations made in this manual which

are not requirements of the SWIR. EPA recommends that filtered water
systems:

1. Report the log inactivation of Giardia cysts and viruses,
required by the Primacy Agency.

2. Report point of application for all disinfectants used.

3. Report the daily CT(s) used to calculate the log inactivation
of Giardia cysts and viruses.

4, If more than one disinfectant is used, report the CT(s) and
inactivation(s) achieved for each disinfectant and the tota)
percent inactivation achieved.

5. Note any difference between the measured CT(s) and the CT
required to meet the overall minimum treatment performance
requiremsent specified by the Primacy Agency.

Tables 6-3 and 6-4 can be used to maintain the records necessary for
numbers 2 through 5.

This information can be used to deterwine the disinfection level
maintained by the system to assure that the overall removal/inactivation
required is maintained.
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The Primacy Agency may make provisions to minimize the reporting
requirements for systems with reservoirs, large amounts of starage or long
transmission mains which provide a long disinfectant contact time. Since
these systems typically provide inactivation in excess of that needed, the
Primacy Agency may require the system only to report the minimum daily
residual at the end of the disinfectant contact time. The CT maintained
can then be estimated based on this residual and the contact time under
the system design flow. This method of CT determination will eliminate
the need for the system to determine the contact time under maximum flow
conditions each day.



TABLE 6-1

|
( SOURCE WATER QUALITY CONDITIONS FOR UNFILTERED SYSTEMS
i (For sysiem use only)
\fonth Sysmem/Treatment Plant
Near PWSID _______
! Turbiduv \Measuterents
i 2 ) 3
E Coldorm Measurements Massmum Turdiduy
| No of Samples No ot Samples Meeting Specified Limits Turbidity Evenr
| Date Fecal Toal Fecal(< = 20/100 mL) Towal (<= 1007100 mL} (NTU) 1Yus or Vo
l f
2 1
)
4
5
]
7
-]
9
10
3]
12
13
18
15
16
17
18
19
20
21
2
3
24
pi]
26
27
28
29
30
31 -
Maximuem dady turbadey ® ____ NTU
IT otals. Total aurmber of turbidey “evenu” = __|
Notes
1. Sarmpies are taken from the source water immedutely prioe to the first dusnfection point included i the CT dotermunation
2. As specafied 10 40 CFR 141.74(b)X(1), s focal or total colifarm merple muat be takes on esch day that the
sysem opersies and & source watsr tarbulsty measurement sxcends | NTU. )
3. For cach day that the maxamurs turbudity excesds $ NTU, mumm»m&:mayuammmnu
of thus exceedsnce, ¢ § , ~7.3-22 Ape”.
4 Ayer® m-umuudmh&ymmmmmmmsmdbmayuu Thus 13 wdxcstive
of the beginang of s turbadity “event™. The total oumber of “yes” rezponses equale the aumber of turbiday "events” w the month




TABLE 6-2
LONG-TERM SOURCE WATER QUALITY CONDITIONS FOR
UNFILTERED SYSTEMS
(For synem uwse oaly)

Year ____ Syste/Tr Plant
PWSID

! ! Turbidiv Measuremonts
, Coldorm Measurements Days wuh | ~umber o1
No ol Sei ca ! No ot Samples Meeting Specified Limus Turbidity Turbity

\onth Feca! ' Total Fecalt < = 207100 mL) Towl (<= 100/100 mL) >SNTU
+ January

Events

February

l \March

apnt

Mey

lune

July

dugugt

September

November

Toul




TABLE 6-3

Month
Year

1.2

CT DETERMINATION FOR UNFILTERED SYSTEMS ~ MONTHLY REPORT TO PRIMACY AGENCY
Sysem/Treatmeot Plant

Dusunfoctant/Sequence of Application

PWSID

Date

3
Dusinfectant
Concentration,
C (mgrl)

3
Duswnfectant
Contact Time,
T{mun)

CTecalc
(=CxT)

pH

1.5

3
Water
Temp 6

(deg, C) CTH 9 (CTealc/CTI9 9

LA T K= N R O (VS K

B o O =

A4

S

~

A

-

w»n

o

—
~

0

F]

[
—lo

~
L™

~
-

1" 1T 1717 T r—rT
“~
w2

g

"
o

~
pary

~
o0

[d
o

8

-
-

Notes.

P wN

Prepared by
Das

To be included is the mouthly report for at least 12 months after the inmstion of reportng. After that time, the Primacy Agency
may oo longse requare this form.
Use & scparsta form for sach disinfectant/mmpling sts. Exter duinfactant and sequence position, 8.g., “ozone/ let” or “C102/3rd”
Messurement takee at peak bourty Oow.
CTecale = C (mg/L) x T (mea.).

Oualy requured f the disinfectant is (res chlorine.
. From Tables 1.1-16, 2.1, asd 3.1, 40 CFR 141.7400)3).




TABLE &4
DISINFECTION INFORMATION
FOR UNFILTERED SYSTEMS - MONTHLY REPORT TO PRIMACY AGENCY

Month Symem/T restment Plant
Year ___________ PWSID ____
|
Aimmum Disiniectant Residual (CTcalc:CT99 ) (from Tabie 6-3) 3}
at Powt-or-Entrv to Disintectant Sequence 2] SUM(CTcalcsCTH §) <1
Date Dutribution Svstem (mg/L) Ist | 2nd | 3rd | %h | Sth | &h| SUM(CTcalesCT99 9) (Yes or No)

il ~alotw] lwa)r.

S

—
[
— -4~ 4 —{—

|Notes

1 Iflcss than 0.2 mg/L, the lowest level and duration of the period must be reportad, 0.4 , "0.1-3 hrs.”.

2 To determmne SUM (CTcalec/CT99.9), add (CTcale/CTTD.9) values from the first dimnlectnnt sequence to the last.
3 If SUM (CTcalc/CT99 9) <1, a treatment technique viclation bas occurred, and & “yes” response must be emered.




TABLE 6-§

‘“fonth

DISTRIBUTION SYSTEM DISINFECTANT RESIDUAL DATA FOR UNFILTERED AND FILTERED SYSTEMS
MONTHLY REPORT TO PRIMACY AGENCY

Y.ar

Sysem/Trestrocnt Plaot
PWSID

Date

No I Sites Where
Disintectant Residual
was Meatured {=8)

i

Duinfectant Reswdual
Measured, bt HPC
Measurod (=b)

No of Sies Where no | No of Sues Where

{ Dininfectant Resdual
! Not Detected, no HPC
Measured (ac)

No of Sites Where
Dusinfoctant Residual
Not Detected,

HPC > SO0/ml (=d)

No of Sites Where
Disinfectant Residual
Not Measured,

HPC > 500 mi (=e)

1

b

3l

4,

39

[

7

8|

9 |

10|

nl

———r— ]

g gy vy -

n|

b=

dw

Y 2

V = (c+d+a)(adb)nl00 = (

+ +

Y{ +

Prepared by

Dato o

Jail0= ____%




TABLE 66

! MONTHLY REPORT TO PRIMACY AGENCY FOR

| COMPLIANCE DETERMINATION — UNFILTERED SYSTEMS
tMmm Sysern/T reatment Plant
1

Year PWSID

Source Warer Quality Conditions
3 Cumuisuve cumbet ot months for which resulis are reported
For source water cohiform monitoring {No of months)
For turbidity monuoring {No of months)
[
B Coliform Critera

, . No of Samples No of Samples Meenag Specified Limus

}

Fecal T ol Fecal (<= 20/102 ml) Towl {<= 100/100mL)|

Previous 6 months' w= i y= =

Percentage of samples < = 20/100 mi focal colforms, F w yjwn 100 = ______ %
Percenuge of samples < = 100/100 mL towl colforms, T = yxx 100 = _____ %

BF<RNR? Yoo ___No ___NA__ uT<HK? Yes __ No N/a

C  Turtidiry Critera

\Maximum turbidiry level for reporting (cucrenti momth = ______ NTU

Eater the moath 120 months prior to the reporing month or Jaauary 1991 (whichever s later),
Daies ot S NTU Exceedances Since Latest Month Recorded Above

Beguning Date Duration (davi) Date Reported

Disnfection Criteris
A Poutof-Eniry Muumum Disinfectant Residusl Criteria

Days the Remdual was <0 2 mp/l
Day Duration of Low Level (hes) Date Reported
to Pnmacy Agency

B Dustribution Syrem Disinfectant Resadual Critena
The vaivc of a. b, c. d. and ¢ from Table 6-5, as specified 1n 40 CFR 141.73 ()2NiiXAME).
o= ___ b= ecm___dw__ _e® ____
Ve c+d+e1100=
s+h
Forprevious month, Ve _____ %
€ Dusnfecticn Requirement Criteria
Record the dats and valws of SUM (CTcalc/CT98 §) for eny SUM (CTealc/CT99 9) < (from Tebis 6-4)
If none, cater “oone”.

Dets | SUM (CTealc/CTH 9)

Prepared by

Das o

Notes- 1. The curreat 6-month cumulatrves are required to determne whether complusnce with the coliform cniera
fias boea achieved. Thess totals are calculsted from: the previous 6-month cuculatives, the current
month’s, and totals from the earhest of § provious months.




TABLE 6-7

\anth
Yot

DAILY DATA SHEET FOR FILTERED SYSTEMS
{For systcm use oaly)}

Syntern/Treatment Plant
Fitraton Technology
PWSID

Dares

! 1 3 4 s
\immum Disintectant Residual Maxumum Futered Water Turbidiry No of Turbdity | No of Turbsdiry
at Pemnt-ol-Entry to Futer | Combined Fulter | Clearwell | Plant | No of Turbidity [Measurements € =| Measurements
Distribution Svaem (mg/L) # Efftuent E(Muent | Effluent | Measuremenns Specified Limu > SNTU

|

o wel = fuslea) —~

L R7H

=)

el

+

w
—1

—
4

r__
&

N

-

]

I 18

9

20

| 2

EE]

23

5

26

271

23

29

i

Noates
2 qu-mm.mmmm.umopmmmuummm.

3 For coatinuous moaxors count sach 4-howr pencd ss | sample. ) ‘
) M;umrnmmw.bnmdmmmmmhamum.

5 lnmmgmnmb«ommmwﬁm.mma}m_mmum.q.'a

Totals:

For mnlupladuinfm,&idmmdthhhuwmwmumi;bm
systern. (€ leas than 0.2 mg/L, the dursnos of the persod must be reportad. e.g . *0.1-3 hee®.

:umuqmmmyum-ummmwm«wdﬁwmwmimm
distribution syster The turbidity mey alao be measured for asch ndividual (ter with & separass sheat maintaroed for cach.

conventional trestment or direct fitrotion0.5 NTU, slow sad filtration-1 NTU, distoraceous sarth filtrance-1 NTU. The State may
wdydm;«fmhﬂfum@dmwﬁmﬂm.w“;lNTU.nddo--ndmnm.

nanudmsSNTU.mwhdnnmnmhcdmﬁidtywml“""”’““ ' $6,62,80°




TABLE 6-2

X R

onth

Turbidiry Perigrmance Cruitena

A Total number of fltered waler turbidity messurements =

!

MONTHLY REPORT TO PRIMACY AGENCY FOR

Systern/Trestment Plam

COMPLIANCE DETERMINATION ~ FILTERED SYSTEMS

Type of Filtrahoa

T*J,mﬂ
FPW3ID

Date

Turbdity, NTU

Disinlection Performance Critera

A Pont-of-Entry Mimmum Duinfectant Residual Critera

B Total number of filltered water turbrdity measurements that are less than or oqual o the specifiad limuas
1or the filtration technology employed =

C  The percentage of turbidily measurementa meeting the specafied himia = B/A x 100 = /

D Rccord the date and turiditv value for anv measurements excanding S NTU  If noae, eater “nene”

x 100 = <

s+ bd

Distributwon Systsma Disinfectant Rasidual Criteria
The valus of 8, b, ¢, &, and & from Tebls 6-3, s specafied in 40 CFR 141.73 (b)AN(HaXea():

—bmem e e

Vo c+d+enlilm

Forprevious moath, Ve ___ %

Munmum Disinlectant Ressdual Mimmum Dusnfectant Resdual Muumum Duinfectant Redual |
ot Poumi-of-Entry at Pourt-of-Entry at Pont-of-Entry
Dete [to Distribution System (mg/L) Date jto Dustnbution System (mg/L) Date |to Distnbuion System (mg/L)
{ 11 21
2 12 2
3 13 23
4 L3 24
§ 15 pal
6 16 26
7 17 27
3 13 23
9 19 il
10 20 0
3
Duys the Remdual was <02 mg/L
Dey [ Durstion of Low Level (hrs )  Date Reportad to Prumacy Agency

Prepared by




7. COMPLIANCE

7.1 Introduction
This section provides guidance on when and how the requirements of

the SWTR will go nto effect, including determinations made by Primacy
Agencres.

7.2  SYSTEMS USING A SURFACE WATER SOURCE (NOT GROUND WATER
UNDER THE DIRECT INFLUENCE OF SURFACE WATER)

The SDWA requires, within 18 months following the promulgation of
a rule, that Primacy Agencies promulgate any regulations necessary to
implement that rule. Under S1413, these rules must be at least as
stringent as those required by EPA, Thus, Primacy Agencies must
promulgate regulations which are at Jeast as stringent as the SWIR by
December 30, 1990. By December 30, 1991, each Primacy Agency must
determine which systems will be required to filter. If filtration is
required, it must be installed within 18 months following the determina-
tion or by June 29, 1993, whichever is later. In cases where it is not
feasible for a system to install filtration in this time period, the
Primacy Agency may allow an exemption to extend the time period (see
Section 9).

If a Primacy Agency fails to comply with this schedule for adopting
the criteria and applying them to determine who must filter, systems must
comply with the “objective® or self-implementing criteria (i.e., the
requirements that are clear on the face of the rule and do not require the
exercise of Primacy Agency discretion). Unfiltered supplies must comply
beginning December 30, 1991 and filtered supplies beginning June 29, 1993.

Monitaring requirements for unfiltered systems must be met beginning
December 30, 1990 unless the Primacy Agency has aiready determined that
filtration is necessary. This coincides with the Agency's requirement to
promulgate regulations for making filtration decisions by that date under
the SDWA. Priiacy Agencies may specify which systems should conduct the
monitoring necessary to demonstrate compliance with the criteria for
avoiding filtration. for some systems where an historical data base
exists, and where it fs apparent that the system would exceed the source
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water quality criteria (or that some other criteria would not be met, such
as an adequate watershed control program), no monitoring may be necessary
for the Primacy Agency to determine that filtration is required. |[f a
particular system (and/or the Primacy Agency) knows that it cannot meet
the criteria for evoiding filtration, there is no reason to require that
system to conduct the source water monitoring prior to the formal decision
by the Primacy Agency that filtration is required. This is true because
the only purpose of that monitoring would be to demonstrate whether or not
the criteria to avoid filtration are being met.

In reviewing the data for determining which systems must filter, the
Primacy Agency will have to decide on a case-by-case basis the conditions
which will require filtration. For example, a system may not meet the
specified CT requirements for the first few months of monitoring and
upgrades its disinfection to meet the LT requirements in subsequent

.months. In this case, the Primacy Agency could conclude that the system
will be able to meet this criterion for avoiding filtration. The time
periods specified for in the criteria to avoid filtration (e.g., six
months for total coliforms, one year and ten years for turbidity and one
year for CT requirements) do not begin until December 30, 1991 unless the
Primacy Agency specifies an earlier date.

Beginning December 30, 1991 the requirements for avoiding filtration
specified in S141.71(a) and (b) and the requirements of 5141.71(c) and
$141.72(a) go into effect unless the Primacy Agency already has determined
that filtration is required. Beginning December 30, 1991, if a system
fails to meet any one of the criteria for avoiding filtration, even if the
system were meeting all the criteria up to that point, it must install
filtration and comply with the requirements for filtered systems includ-
ing the general requirements in 5141.73 and the disinfection requirements
in $141.72(b}, within 18 months of the failure. Whenever a Primacy Agency
determines that filtration is required, it may specify interim require-
ments for the period prior to installation of filtration treatment.

Following the determination that filtration is required, the systea
must develop a plan to implement its installation. The plan must include
consideration for the following:



- Providing uminterrupted water service throughout the
transition period

- Siting for the future facility
- Financing options and opportunities

- Scheduling of design and construction

Systems which are unable to install filtration within the specified time
frame may apply for an exemption to extend the pericd for installing
filtration,

Table 7-1 summarizes the requirements for the SWTR for unfiltered
systems noting conditions which require the installation of filtration.
It is important to note that only treatment technique violations trigger
the requirement to install filtration while violations of monitoring,
reporting or analytical requirements do not. The monitoring requirements
for unfiltered supplies are presented in Section 3 and the reporting
requirements are presented in Section 6.

A1l systems with filtration in place must meet the treatment
technique requirements specified in S141.73 (filtration criteria) and
5141.72(b) (disinfection criteria), and the monitoring and reporting
requirements specified in S141.74(c) and S141.75(b), respectively,
beginning June 29, 1993. Table 7-2 summarizes the SWTR requirements for
filtered systems, including conditions needed for compliance with
treatment requirements. Monitoring requirements for filtered supplies are
enumerated in Sectfon 5 and reporting requirements are presented in
Section 6.

7.3 Compliance Transition with Current NPOWR Turbidity Requirements
The current (interim) NPOWR for turbidity under S141.13 (MCL
requirements) and S141.22 (monitoring requirements) will apply for
unfiltered systems until December 30, 1991 unless the Primacy Agency
determines that filtration is required. In cases where filtration is re-
quired, the {nterim NPOWR applies until June 29, 1993 or until filtration
is instalied, whichever is later. (Unfiltered supplies will also be
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subject to the turbidity monitoring requirements of S$141.74(b)(2)
beginning December 30, 1990 coincidently with the interim requirements.
Beginning June 29, 1993, the turbidity performance criteria for filtered
systems (5141.73), and the monitoring requirements under S141.74 w111
apply.

7.4 Systems Using a Ground Water Source
Under the Direct [nfluence of Surface Water

Part of the Primacy Agency's program revisions to adopt the SWTR
must include procedures for determining, for each system in the Primacy
Agency served by a ground water source, whether that source is under the
direct influence of surface water. By June 29, 1994 and June 29, 1998,
each Primacy Agency must determine which community and non-community
public water supplies, respectively, use ground water which is under the
direct influence of surface water. EPA recommends that these determina-
tions be made in conjunction with related activities required by other
regulations (e.g., sanitary surveys pursuant to the final coliform rule,
vulnerability assessments pursuant to the volatile organic chemicals rule,
the forthcoming disinfection requirements for ground water systems). In
addition, EPA-approved wellhead protection programs required under the
Safe Orinking Water Act Section 1428 may contain methods and criteria for
determing zones of contribution, assessments of potential contamination,
and management of sources of contamination. These programs may be used
as a partial basis for the vulnerability assessment and for making the
determination of (a) whether a system is under the direct influence of
surface water and (b) 1f direct influence is determined, whether there is
adequate watershed control to avoid filtration. Guidelines for developing
and implementing a wellhead protection program are found in “Guidelines
for Applicants for State Wellhead Protection Program Assistance Funds
under the Safe Drinking Water Act" (U.S. EPA, 1587a).

A systea using a ground water source under the {nfluence of surface
water that does not have filtration in place must begin monitoring and
reporting in accordance with $141.74(b) and S141.75(a), respectively, to
determine whether it meets the criteria for avoiding filtration beginning
December 30, 1990 or six months after the Primacy Agency determines that
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the ground water source is under the influence of surface water, whichever
is later. Within 18 months following the determination that a system is
under the influence of surface water, the Primacy Agency must determine,
using the same criteria that apply to systems using a surface water
source, whether the system must provide filtration treatment. As for
systems using a surface water source, the Primacy Agency must evaluate the
data on a case-by-case basis to determine conditions which will trigger
the need for filtration.

Beginning December 30,1991 or 18 months after the determination that
a system is under the direct influence of surface water, whichever 1s
later, the criteria for avoiding filtration in S141.71(a) and (b) and the
requirements for unfiltered systems in S141.71(c) and S141.72(a) go into
effect, unless the Primacy Agency has determined that filtration is
required. As with systems using a surface water source, subsequent
failure to comply with any one of the criteria for avoiding filtration
requires the installation of filtration treatment. Thus, beginning
December 30, 1991 or 18 months after the Primacy Agency determines that
a system is using a ground water source under the direct influence of
surface water, whichever is later, a system which fails to meet any one
of the criteria to avoid filtration must install filtration and comply
with the requirements for filtered systems within 18 months of the failure
or by June 29, 1993, whichever is later. As for unfiltered systems,
systems under the direct influence of surface water may apply for an
exemption to extend the time period for installing filtration.

Any system using a ground water source that the Primacy Agency
determines is under the direct influence of surface water and that already
has filtration in place at the time of the Primacy Agency determination
must meet the treatment technique, monitoring and reporting requirements
for filtered systeas beginning June 29, 1993 or 18 months after the
Primacy Agency determination, whichever is later.



7.5 e

7.5.1

n f m eting SHTR Criteri

Introduction

Systems which presently fail to meet the SWIR criteria may be able
to upgrade the system's design and/or operation and maintenance in order
to achieve compliance. The purpose of this section is to present options
which may be followed to achieve compliance.

7.5.2 Systems Not Filtering

Systems not filtering must meet the criteria to avoid filtration
beginning December 30, 1991 and on a continuing basis thereafter or
install filtration. Systems not filtering can be divided into two

categories:

A. Those systems not currently meeting the SWTR criteria but with
the ability to upgrade to meet them.

B. Those systems not able to meet the SWTR criteria by December
30, 1991. If the installation of filtration is not possible
by June 29, 1993 the system may request an exemption and take
interim measures to provide safe water to avoid violation of
a treatment technique requirement.

Systems in Category A

£ le A - R Situati

Conditjon: System is not meeting the source water fecal and/or

total

coliform concentrations but has not received judgment on the

adequacy of 1ts watershed control.

Response Options:

Monitor for fecal coliforms rather than total coliforms if
this is not already done. Fecal coliforms are a direct
indicator of fecal contamination where total coliforms are
not. If total coliform levels are exceeded but fecal levels
are not, the system meets the criteria.

Take appropriate action in the watershed to assure fecal and
total coliform concentrations are below the criteria, such as
elimination of animal activity near the source water intake,



- i i

Condition: System meets the source water quality criteria,
watershed control requirements, and is maintaining a disinfectant
residual within the distribution system, but is not able to meet the
CT requirements due to lack of contact time prior to the first
customer.

Response Qptions:

- Increase the application of disinfectant while monitoring THM
levels to ensure they remain below the MCL.

- Add additional contact time through storage to obtain an
adequate CT.

- Apply a more effective disinfectant such as ozone.

Systems in Category B
Example A - R Situati

Condition: System meets the source water turbidity but not the
fecal coliform requirements. A sewage treatment plant discharges
into the source water, A determination has been made that the
system does not have adequate watershed control.

Response Options:

- Purchase water from a nearby surveyor or use an alternate
source such as ground water if available.

- Take steps to install filtration, applying for an exemption
(time delay) as presented in Section 9 where appropriate.

Example 8

Condition: The source water exceeds a turbidity of 5 NTU for more
than two periods in a year under normal weather and operating
conditions.

Response Options:

- Purchase water from a nearby purveyor or use an alternate
source such as ground water if available.

- Take steps to install filtration, applying for an exemption
(time delay) as presented in Section 9 where appropriate.
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In the interim prior to adoption of either of the above options,
certain protective measures may be appropriate. One protective
measure which can be used would be the issuance of a public notice
to boil all water for consumption during periods when the turbidity
exceeds 5 NTU. If such a notice is issued, the utility should
continue sampling the distribution system for chlorine residual and
total coliforms, and initiate measurement of HPCs in the distribu-
tion system. These data and the raw water turbidity should be used
to determine when to 1ift the boil water notice.

The notice could be lifted when:

- The historical (prior to high turbidity) disinfectant residual
concentration is reestablished in the distribution system:

~ The total coliform requirements are met;
- The HPC count is less than 500/a1; and
- The turbidity of the raw water is less than 5 NTU.

7.4.3 Systems Currently Filtering

Systems which are currently filtering must meet the SWTR criteria
within 48 months of the SWTR to be in compliance, after which the criteria
must be continually met for the system to be in compliance.

Example A - Response Situation

: A direct filtration plant is treating a surface water
which is not compatible with this treatment process. The system is
not achieving its required turbidity performance or disinfection

criteria.
Response Qptions:
- DOptimize coagulant dose.
= Reduce filter loading rates.

- Evaluate the effect on performance of installing flocculation
and sedimentation ahead of the filters.
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: le B - R Situati
A filtration plant is using surface water which is
compatible with its treatment system. The system is not achieving
disinfection performance criteria required by the Primacy Agency to
achieve a 1-log inactivation of Giardia cysts; however, it is
meeting the requirements of the Total Coliform Rule.
Response Options:
- Increase disinfectant dosage(s).
- Install storage facilities to increase disinfectant contact
time.
- Ensure optimum filtration efficiency by:
- Use of a filter aid.
- Reduction in filter loading rates.

- More frequent backwashing of filters.

The Primacy Agency may grant additional removal credit for optimum
filtration.

EPA intends to promulgate National Primary Drinking Water Regula-
tions to regulate levels of disinfectants and disinfectant by-product when
it promulgates disinfection requirements for ground water systems
(anticipated in 1992). EPA is concerned that changes required in
utilities' disinfection practices to meet the required inactivations for
the SWTR might be inconsistent with treatment changes needed to comply
with the forthcoming regulations for disinfectants and disinfection
by-products. For this reason, the EPA is allowing Primacy Agencies
discretion in determining the level of disinfection required for filtered
systems to meet the overall treatment performance requirements specified
in the rule or recommended based on source water quality.

During the interim period, prior to promulgation of the disinfection
by-product regulation, EPA recommends that the Primacy Agency allow more
credit for Giardia cyst and virus removal than generally recommended.
This fnterim level is recommended in cases where the Primacy Agency
determines that a system {s not currently at a significant risk from
microbiological concerns at the existing level of disinfection and that
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a deferral is necessary for the system to upgrade its disinfection process
to optimally achieve compliance with the SWTR as well as the forthcoming
disinfection by-product regulations. Section 5.5.3 presents some
guidelines for establishing interim disinfection requirements.
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8. PUBLIC NOTIFICATION

The SWTR specifies that the public notification requirements of the
Safe Drinking Water Act (SOWA) and the implementing regulations of 40 CFR
Paragraph 141.32 must be followed. These regulations divide public
notification requirements intoc two tiers. These tiers are defined as
follows:

1. Tier 1:
a. Failure to comply with MCL
b. Failure to comply with prescribed treatment technique
c. Failure to comply with a variance or exemption schedule

2. Tier 2:
a. Failure to comply with monitoring requirements
b. Failure to comply with a testing procedure prescribed
by a NPDWR

c. Operating under a variance/exemption. This is not
considered a violation but public notification is
required.

The SWTR classifies violations of Sections 141.70, 141.71(c),
141.72 and 141.73 (i.e., treatment technique reguirements as specified in
Section 141,76) as Tier 1 violations and violations of Section 141.74 as
Tier 2 violations. Violations of 141.75 (reporting requirements) do not
require public notification.

There are certain general requirements which all public notices must
meet. All notices must provide a clear and readily understandable
explanation of the violation, any potential adverse health effects, the
population at risk, the steps the si&tel is taking to correct the
violation, the necessity of seeking alternate water supplies (if any) and
any preventative measures the consumer should take. The notice must be
conspicuous, not contain any unduly technical language, unduly small print
or similar problems. The notice must include the telephone number of the
owner or operator or designee of the public water system as a source of
additional information concerning the violation where appropriate. The
notice must be bi- or multilingual {f appropriate.

In addition, the public notification rule requires that when
providing information on potential adverse health effects in Tier 1 public
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notices and in notices on the granting and continued existence of a
variance or exemption, the owner or operator of a public water system must
include certain mandatory health effects language. For violations of
treatment technique requirements for filtration and disinfection, the
mandatory health effects language is:

1CTOP

The United States Environmental Protection Agency (EPA) sets drinking
water standards and has determined that microbiological contaminants are
a health concern at certain levels of exposure. If water is inadequately
treated, microbiological contaminants in that water may cause disease.
Disease symptoms may include diarrhea, cramps, nausea, and possibly
jaundice and any associated headaches, and fatigue. These symptoms,
however, are not just associated with disease-causing organisms in
drinking water, but also may be caused by a number of factors other than
your drinking water. EPA has set enforceable requirements for treating
drinking water to reduce the risk of these adverse health effects.
Treatment such as filtering and disinfecting the water removes or destroys
microbiological contaminants. Drinking water which is treated to meet EPA
requirements is associated with little to none of this risk and should be
considered safe.

Further, the owner or operator of a community water system must give

a copy of the most recent notice for any Ijer 1 violations to all new
billing units or hookups prior to or at the time service begins.

The medium for performing public notification and the time period
in which notification must be sent varies with the type of violation and
is specified in Section 141.32. For Tier 1 violations (i.e., violations
of Sections 141.70, 141.71, 141.72 and 141.73), the owner or operator of

a public water system must give notice:

1. By publication in a local daily newspaper as soon as possible
but in no case later than 14 days after the violation or
failure. If the area does not have a daily newspaper, then
notice shall be given by publication in a weekly newspaper of
general circulation in the area, and

2. By either direct mail delivery or hand delivery of the notice,
either by itself or with the water bill not later than 45 days
after the violation or failure. The Primacy Agency may waive
this requirement {f it determines that the owner or operator
has corrected the violation within the 45 days.



Although the SWTR does not specify any acute violations, the Primacy
Agency may specify some Tier 1 violations as posing an acute risk to human
health; for example these violations may include:

1. A waterborne disease outbreak in an unfiltered supply.

2. Turbidity of the water prior to disinfection of an unfiltered

supply or the turbidity of filtered water exceeds 5 NTU at any
time.

3. Failure to maintain a disinfectant residual of at least 0.2
mg/1 in the water being delivered to the distribution system.

For these violations or any others defined by the Primacy Agency as
"acute" violations, the system must furnish a copy of the notice to the
radio and television stations serving the area as soon as possible but in
no case later than 72 hours after the violation. Depending upon circum-
stances particular to the system, as determined by the Primacy Agency, the
notice may instruct that all water should be boiled prior to consumption.

Following the initial notice, the owner or operator must give notice
at least once every three months by mail delivery (either by itself or
with the water bill), or by hand delivery, for as long as the violation
or failure exists.

There are two variations on these requirements. First, the owner
or operator of a community water system in an area not served by a daily
or weekly newspaper must give notice within 14 days after the violation
by hand delivery or continuous posting of a notice of the violation. The
notice must be in a conspicuous place in the area served by the system and
must continue for as long as the violation exists. Notice by hand
delivery must be repeated at least every three months for the duration of
the violation.

Secondly, the owner or operator of a poncommunity water system
(i.e., one serving a transitory population) may give notice by hand
delivery or continuous posting of the notice in conspicuous places in the
area served by the systes. Notice sust be given within 14 days after the
violation. If notice is given by posting, then ft must continue as long



as the violation exists. Notice given by hand delivery must be repeated
at least every three months for as long as the violation exists.

For Tier 2 violations (i.e., violations of 40 CFR 141.74, analytical
and monitoring requirements) notice must be given within three months
after the violation by publication in a daily newspaper of general
circulation, or if there is no daily newspaper, then in a weekly
newspaper. In addition, the owner or operator shall give notice by mail
(either by itself or with the water bill) or by hand delivery at least
once every three months for as long as the violation exists. Notice of
a variance or exemption must be given every three months from the date it
is granted for as long as it remains in effect.

If the area is not served by a daily or weekly newspaper, the owner
or operator of a community water system must give notice by continuous
posting in conspicuous places in the area served by the system. This must
continue as long as the violation does or the variance or exemption
remains in effect. Notice by hand delivery must be repeated'at least
every three months for the duration of the violation or the variance of
exemption.

For noncommunity water systems, the owner or operator may give
notice by hand delivery or continuous posting in conspicuous places;
beginning within 3 months of the violation or the variance or exemption.
Posting must continue for the duration of the violation or variance or
exemption and notice by hand delivery must be repeated at least every
3 months during this period.

The Primacy Agency may allow for otmer or operator to provide less
frequent notice for minor monitoring violations (as defined, by the
Primacy Agency if EPA has approved the Primacy Agency's substitute
requirements contained in a program revision application).

To provide further assistance in preparing public notices, several
examples have been provided. However, each situation is different and
may call for differences in the content and tone of the notice. All
notices must comply with the general requirements specified above.



Example ] - Tier 1 Violation-Unfiltered Supply

Following is an example of a Tier 1 violation which may be
considered by the Primacy Agency to pose an acute risk to human health.

A system which does not apply filtration experiences a breakdown in
the chlorine feed systems and the switchover system fails to activate the
backup systems. A number of hours pass before the operator discovers the
malfunction. The operator, upon discovery of the malfunction, contacts
the local television and radio stations and announces that the public is
receiving untreated water. The announcement may read as follows:

We have just received word from the Aswan Water Board that a
malfunction of the disinfection system has allowed untreated water
to pass into the distribution system. Thus, this system providing
drinking water is in violation of a treatment technique requirement.
The United States Environmental Protection Agency (EPA) sets
drinking water standards and has determined that microbiological
contaminants are a health concern at certain ievels of exposure.
If water is inadequately treated, microbiological contaminants in
that water may cause disease. Disease symptoms may include
diarrhea, cramps, nausea, and possibly jaundice and any associated
headaches, and fatigue. These symptoms, however, are not just
associated with disease-causing organisms in drinking water, but
also may be caused by a number of factors other than your drinking
water. EPA has set enforceable requirements for treating drinking
water to reduce the risk of these adverse health effects. Treatment
such as filtering and disinfecting the water removes or destroys
microbiological contaminants. Orinking water which is treated to
meet EPA requirements is associated with little to none of this risk
and should be considered safe.

The temporary breakdown in disinfection may have allowed micro-
organisms to pass into the distribution system. The operation of
the system has been restored so that no further contamination of
the distribution system will occur. Any further changes will be
announced.

Additional {nformation is available at the following number:
235-WATER.

A direct mailing of the notice {is provided within 45 days of the
occurrence.

£ le 2 - Tier 1 Violation-Unfiltered Suppl
Following {s an example of a Tier 1 violation which may be
considered by the Primacy Agency to pose an acute risk to human health.
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A system supplies an unfiltered surface water to its customers.
During a period of unusually heavy rains caused by a hurricane in the
area, the turbidity of the water exceeds 5 NTU. The turbidity data during
which the heavy rains occur is as follows:

Day 1 NTU Day 2 NTU Day 3 NTU Day 4 NTU Day 5 NTU

0.4 0.8 0.7 0.7 7.6
0.4 0.5 0.4 7.6 3.1
0.5 0.5 0.4 11.3 2.7
0.7 0.4 0.5 9.6 0.7
1.1 0.4 0.4 7.2 0.8
0.9 0.6 0.6 5.0 0.5

The following public notice was prepared and submitted to the local
newspaper, television and radio stations within 72 hours of the first
turbidity exceedence of 5 NTU.

The occurrence of heavy rains in our watershed is causing a rise in
the turbidity of the drinking water supplied by Fairfax Water

Company.

Turbidity is a measurement of particulate matter in water. It is
of si%nificance in drinking water because irregularly shaped
particles can both harbor microorganisms and interfere directly with
disinfection which destroys microorganisms. While the particles
causing the turbidity may not be harmful or even visible at the
concentrations measured, the net effect of a turbid water is to
increase the survival rate of microorganisms contained in the water.
This is of concern because several diseases are associated with
waterborne microorganisms.

Because of the high turbidity levels, the Fairfax system is in
violation of a treatment requirement set by the Environmental
Protection Agency (EPA).

The United States Environmental Protection Agency (EPA{ sets
drinking water standards and has determined that microbiological
contaminants are a health concern at certain levels of exposure.
If water is inadequately treated, microbiological contaminants in
that water may cause disease. Disease symptoms may include
diarrhea, cramps, nausea, and possibly jaundice and any associated
headaches, and fatigue. These symptoms, however, are not just
associated with disease-causing organises in drinking water, but
also may be caused by a number of factors other than your drinking
water. EPA has set enforceable requirements for treating drinking
water to reduce the risk of these adverse health effects. Treatment
such as filtering and disinfecting the water removes or destroys
microbiological contaminants. Orinking water which is treated to
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meet EPA requirements is associated with Tittle to none of this risk
and should be considered safe.

In order to protect yourself from illness, all water from the
Fairfax system used for drinking, cooking and washing dishes should
be boiled at a rolling boil for one minute.

The system is being closely monitored and a notice will be issued
when the water returns to an acceptable quality and no longer needs
to be boiled.

The utility continues sampling the distribution system fcr chlorine
residual and total coliforms, and initiates measurement of the HPCs in the
distribution system. The notice is lifted when all the following are met:

- The historical (prior to high turbidity) disinfectant residual
concentration is reestablished in the distribution system.

-« The total coliform requirements are met.

- The HPC count is <500/ml.

- The turbidity of the raw water is less than 5 NTU.

The Primacy Agency most decide whether the turbidity event was unusua! or
unpredictable and whether filtration should be instailed.

Example 3 - Tier ] Violation - Filtered Supply

A conventional treatment plant is treating a surface water. A
malfunctioning alum feed system resulted in an increase of the filter
effluent turbidities. The effluent turbidity was between 0.5 and 1.0 NTU
in 20 percent of the samples for the month. The utility issued a notice
which was published in a local daily newspaper within 14 days after the
violation, The notice read as follows:

Durin? the previous wmonth, the Baltic Water Treatment Plant
experienced difficulties with the chemical feed system. The
malfunctions caused an effluent turbidity level above 0.5 NTU in 20
percent of the samples for the month. The current treatment
standards require that the turbidity must be less than 0.5 NTU in
95 percent of the monthly samples. The Baltic drinking water system
has thus been in violation of a treatment technique requirement.

The United States Environmental Protection Agency (E?Ai sets
drinking water standards and has determined that microbiological
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contaminants are a health concern at certain levels of exposure.
If water is inadequately treated, microbiological contaminants in
that water may cause disease. Disease symptoms may include
diarrhea, cramps, nausea, and possibly jaundice and any associated
headaches, and fatigue. These symptoms, however, are not just
associated with disease-causing organisms in drinking water, but
also may be caused by a number of factors other than your drinking
water. EPA has set enforceable requirements for treating drinking
water to reduce the risk of these adverse health effects. Treatment
such as filtering and disinfecting the water removes or destroys
microbiological contaminants. Drinking water which is treated to
meet EPA requirements is associated with little to none of this risk
and should be considered safe,

The chemical, feed and switchover components of the system have been
repaired and are in working order and turbidity levels are meeting
the standard. [t is unlikely that illness will result from the
turbidity exceedences previously mentioned because continuous
stringent disinfection conditions were in effect and the system was
in compliance with other microbiological drinking water standards
pertaining to microbiological contamination. However, a doctor
should be contacted in the event of illness. For additional
information call, 1-800-726-WATER.



9. EXEMPTIONS

9.1 verview iremen

Section 1416 of the Safe Drinking Water Act allows a Primacy Agency
to exempt any public water system within its jurisdiction from any
treatment technique requirement imposed by a national primary drinking
water regulation upon a finding that:

1. Oue to compelling factors (which may include economic
factors), the public water system is unable to comply with the
treatment technique requirement;

2. The public water system was in operation on the effective date
of the treatment technique requirement or, for a system that
was not in operation by that date, only if no reasonable
alternative source of drinking water is available to the new
system; and

3. The granting of the exemption will not result in an unreason-
able risk to health.

If a Primacy Agency grants a public water system an exemption, the
Agency must prescribe, at the time the exemption is granted, a schedule
for:

1. Compliance (including increments of progress) by the public
water system with each treatment technique requirement with
respect to which the exemption was granted; and

2. Implementation by the system of such control measures as the
Primacy Agency may require during the period the exemption is
in effect.

Before prescribing a schedule, the Primacy Agency wmust provide
notice and opportunity for a public hearing on the schedule. The schedule
prescribed must require compliance by the public water system with the
treatment technique requirement as expeditiously as practicable, but in
no case later than one year after the exemption is issued (except that,
if the system meets certain requirements, the final date for compliance
may be extended for a period not to exceed three years from the date the
exemption is granted). For systems serving less than 500 service
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connections, and meeting certain additional requirements, the Primacy
Agency may renew the exemption for one or more additional two-year
periods.

Under the SWTR, no exemptions are allowed from the requirement to
provide disinfection for surface water systems, but exemptions are
available to reduce the degree of disinfection required. Exemptions from
the filtration requirements are available. The following sections present
guidelines for evaluating conditions under which exemptions are appropri-
ate.

9.2 Recommended Criterja

In order to obtain an exemption from the SWTR, a system must meet
certain minimum criteria to assure no unreasonable risk to health. These
should be applied before looking at other factors such as economics.
Recommended minimum criteria for assuring no unreasonable risk to health
exists are listed below.

< hich d ide filtrati

- Practice disinfection to achieve at least a 2-log inactivation
of Giardia cysts; or comply with the disinfection requirements

for the distribution system as defined in Section 141.72(b)
of the SWTR.

- Comply with the monthly coliform MCL; or provide bottled water
Sor another alternate water source) or point of use treatment
evices for their customers in which representive samples
comply with all the MCL National Prisary Drinking Water
Regulations.

EPA recommends that in order to obtain an extension to the initial
1 year exemption period in addition to the required elements in Section
1416, the systes would need to be in compliance with the sonthly coliforw
MCL, satisfy the above disinfection criteria and not have any evidence of
waterborne disease outbreaks attributable to the system at the end of that
first exemption period. If at any point during the extended exemption
period the system d¢id not meet these conditions, the exemption should be
withdrawn and the systea should be subject to an enforcement action.



Syst hict ide filtrati

- Practice disinfection to achieve at least a 0.5 log inactiva-
tion of Giardia cysts; or comply with the disinfection
requirements for the distribution system as defined in
Section 141.72 of the rule.

- Comply with the monthly coliform MCL; or provide bottled water
(or another alternate water source) or point of use treatment
devices for their customers in which representive samples
comply with all the MCL National Primary Orinking Water
Regulations.

- Take all practical steps to improve the performance of its
filtration system.

In order to obtain an extension to the initial exemption period, in
addition to the required elements in Section 1416, the system should be
in compliance with the coliform MCL, satisfy the above disinfection
criteria and not have any evidence of waterborne disease outbreaks
attributable to the treatment system at the end of that first exemption
period. If at any point during the extended exemption period the system
did not meet these conditions, the exemption should be withdrawn and the
system should be subject to an enforcement action. In addition, the
system must continue to be taking steps to improve the performance of its
filtration system to achieve the criteria specified in the SWTR.

Once these minimum requirements are applied, the Primacy Agency
should look at the other factors as described in Sections 9.3, 9.4, and
9.5.

9.3 Compelling Factors

Compelling factors are often associated with small systems. The
major compelling factor tends to be economic. In some cases the
compelling factor may not be solely economic, but rather the contractual
and physical infeasibility of having a required treatment installed within
the time period specified in the regulation. For example, it may not be
feasible for a very large system to install filtration by June 1993 if
required. In such cases exemptions are also appropriate. Additional
considerations for small systems are presented in Appendix L.
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If system improvements necessary to comply with the SWTR incur costs
which the Primacy Agency determines pose an economic barrier to acquisi-
tion of necessary treatment, the system fulfills the criteria of
demonstrating a compelling hardship which makes it unable to meet the
treatment requirements. In such cases, the EPA believes it is reasonable
to grant an exemption if the system also meets the criteria in 9.4 and
9.5.

The USEPA document, "Technologies and Costs for the Removal of
Microbial Contaminants from Potable Water Supplies,®™ contains costs
associated with available treatment alternatives (USEPA, 1988b). Costs
found in this document, or those generated from more site-specific
conditions, can be used as the basis for determining the ability of a
system to afford treatment. The total annual water production costs per
household for a system can be estimated based on the household water usage
and the production costs per thousand gallions. As estimated in the above
cited USEPA document, each cent per thousand gallons of treated water is
approximately equivalent to $1 per year per household if a household water
usage of 100,000 gallons per year is assumed.! This estimate will need to
be adjusted according to water usage for cases where the household usage
differs from 100,000 gallons per year.

The following examples are presented to provide guidance in
estimating costs for a system to upgrade its system or install filtration.
This cost information could be used for determining whether a system might
be eligible for an exemption.

Exampie 1
A water system which supplies an average daily flow of 0.05 mgd to

a small urban community receives its water supply from a lake. The system
currently provides disinfection with chlorine but does not provide
filtration. The system reviewed its source water quality and found the
characteristics to be as follows:

I This is the nationa) average residential household consumption reported
in: Fina) Descriptive Summary - 1986 Survey of Community Water Systems.
October 23, 1987. USEPA: Office of Drinking Water.
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Total coliforms 1,000/100 m)
Turbidity 10 - 13 NTU
Color 6-9¢Cu

Based upon the criteria in the SWTR, this source requires filtration
and a review of the water quality criteria presented in Table 4-2
indicates that the treatment technique best suited to these source
conditions is conventional treatment. A conventional package treatment
plant with a capacity of 0.068 MGD may be purchased and put on line at
a cost of $277/household-year not including real estate, piping or raw
water pumping costs which may be significant depending on the plant
location.? EPA has estimated that, on average, these costs might add
another 50% depending on site specific factors (USEPA, 1989)

Thus the cost estimate for implementing filtration indicates that
the increase in the average annual household water bill would be
approximately $277 plus the cost of real estate, piping, and raw water
pumping as needed. The incomes of people in the community and the current
water bills can be reviewed by the Primacy Agency along with these
estimated costs to determine if an undue economic hardship is incurred by
these treatment methods. Upon determination that an economic hardship is
incurred, the Primacy Agency may grant an exemption from filtration,
provided that the system can assure the protection of the health of the
community. However, if the water supply system for a nearby community
meets the drinking water standards and there is the ability to hook up to
that system, an exemption generally should not be granted unless such
costs also presented an economic hardship.

Example 2 '

A large urban community, with a median annual income of $25,000 per
family, is supplied with water from lakes and reservoirs. The community
places an average daily demand of 3 mgd on the supply system. The
watershed of the system is moderately populated and used for farming and

2 Yable VI-3 'Technolo%ies and Costs for the Removal of Microbial
Contaminants From Potab

e Water Supplies,® USEPA, 1988b) 1ists the total

costs as 277.4 cents/1000 gal. Estimated costs for real estate, piping
and raw water pumping as a function of site specific conditions are

available in Table E-1, E-2, and £-3 of this same document.
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grazing. The system currently provides filtration using diatomaceous
earth filtration and disinfection with chloramines.

A review of the source and finished water quality was conducted to
evaluate the plant's performance. The source water quality was determined
to be:

Total coliforms 30 - 407100 m
Turbidity 2 - 3NTU
Color 1-2¢CU

Diatomaceous earth is thorefore an acceptable filtration method.?
However, review of the finished water showed that a residual in the
distribution system is only maintained 80 percent of the time. In
addition to this, coliforms were detected in 10 percent of the samples
taken over the twelve month period. Inspection of the chlorination
equipment showed the equipment is deteriorated. Review of the monthly
reports showed that the coliforms appeared in the distribution system
shortly after the chlorinators malfunctioned. This observation led to the
conclusion that new disinfection facilities were needed.

The source water quality and available contact time after disinfec-
tion were then used to determine the most appropriate disinfectant for the
system. As described in Section 5.5, ozone, chlorine or chlorine dioxide
can be used as primary disinfectants given these conditions. A prelimi-
nary review of costs for applying the various disinfectants showed
chlorine to be the most economical at a cost of $2.8/household/year'
(USEPA, 1988b). This cost does not include backup eguipment; however,
even with providing duplicate equipment doubling this cost to $5.6/house-
hold/ year, the improvement incurs minimal cost and the Primacy Agency
should not grant the system an exemption based on economic hardship.

3 As determined from Table 4-2 of Section 4.

¢ Table VI-12 (USEPA, 1988b) lists a total cost of 2.8 cents/1000 gal for
a plant capacity of 5.85 mgd.
- = $2.8/household-year

1,000 gal (cents/1000 gal)
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9.4 valuati 1 Water 1

Systems which would incur very high costs for installing a required
treatment to comply with the SWTR, should evaluate the possibility of
using an alternate source. These alternate sources include:

- The use of ground water
Connection to a nearby water purveyor
- Use of an alternate surface water supply

wWhen considering the use of ground water, the purveyor must
determine the capacity of the underlying aquifer for supplying the demand.
The water quality characteristics of the aquifer must be evaluated to
determine what treatment may be needed to meet existing standards. The
cost of the well construction and treatment facilities must then be
determined and converted into a yearly cost per household.

The connection to a nearby purveyor involves contacting the purveyor
to determine their capacity and willingness to supply the water. Once it
has been determined that the alternate source meets all applicable
drinking water standards, the cost of the transmission lines, distribution
system, and other facilities (e.g. disinfection, repumping, etc.) must
then be determined and amortized into a yearly cost per household.

If the cost for using an alternate source is found by the Primacy
Agency to present an economic hardship, and the purveyor can demonstrate
that there will be no unreasonable risk to health, the Primacy Agency may
grant an exemption to the SWTR for the purveyor and develop a schedule of
compliance.

9.5 Protection of Public Health

Systems which apply for an exemption from the SWTR must demonstrate
to the Primacy Agency that the health of the community will not be put at
risk by the granting of such an exemption. A system should be able to
provide adequate protection for the public health by meeting the minimum
suggested EPA requirements in Section 9.2. However, a Primacy Agency may
specify additional measures or criteria a system must meet to protect
public health, depending on the particular circumstances. Systems with
currently unfiltered surface water supplies which fail to meet the source
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water quality criteria will be required to install filtration as part of
their treatment process. However, it may take 3 to 5 years or more before
the filtration system can be designed, constructed and begin operation,
thereby justifying the granting of an exemption. Ouring this period,
possible interim measures which the system could take to further satisfy
the Primacy Agency's concern include one or more of the following:

a. Use of higher disinfectant dosages without exceeding the TTHM

MCL (even for systems not currently subject to this MCL)

b. Installation of a replacement or additional disinfection
system which provides greater disinfection efficiency and
which can be integrated into the new filtration plant

c. Increasing the monitoring and reporting to the Primacy Agency
d. Increasing protection of the watershed

e. Increasing the frequency of sanitary surveys

f. Temporarily purchasing water from a nearby water system

g. For small systems, temporary installation of a wmobile
filtration (package) plant

h. Increasing contact time by rerouting water through reservoirs

In some cases systems may be able to increase their disinfection
dosages during the interim period to provide additional protection against
pathogenic organisms.  This alternative should be coupled with a
requirement for increased monitoring for coliforms, HPC and disinfectant
residual within the distribution systen: However, disinfectant dosage
should not be increased if this would result in a violation of the TTHM
MCL, even for systems not currently subject to this MCL.

Systems which are planning to install filtration may be able to
utilize a more efficient disinfectant that can later be integrated into
the filter plant. Currently ozone and chlorine dioxide are considered to
be the most efficient disinfectants.

For all systems which do not meet the source water quality criteria
and must install filtration, EPA recommends that during the interim period
the Primacy Agency increase its surveillance of the system and require
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increased monitoring and reporting requirements to assure adequate
protection of the public health.

Any required increases in watershed control and/or on-site
inspections will not alleviate the need for more stringent disinfection
requirements and increased monitoring of the effectiveness of the system
employed. Their purpose would be to identify and control all sources of
contamination so that the existing system will provide water of the best
possible quality.

For some systems, it may be possible to purchase water from a nearby
system on a temporary basis. This may involve no more .han the use of
existing interconnections or it may require the installation of temporary
connections. .

Trailer mounted filtration units (package plants) are sometimes
available from state agencies for emergencies or may be rented or leased
from equipment manufacturers. )

Systems may also be required to supply bottled water or install
point-of-entry (POE) treatment devices. For the reasons listed below,
these alternatives should only be utilized if the previously mentioned
alternatives are not feasible:

- In many states bottled water is subject only to the water
quality requirements of the FDA as a beverage and not to the
requirements of the Safe Drinking Water Act.

- Point-of-entry treatment devices are not currently covered by
performance or certification requirements which would assure
their effectiveness or performance.

If the installation of POE devices is required, the selection of the
appropriate treatment device should be based upon a laboratory or field
scale evaluation of the devices. A guide for testing the effectiveness
of POE units in the microbiological purification of contaminated water is
provided in Appendix N.

Several issues arise with the use of POE devices. These include
establishing who or what agency (1) has the responsibility for ensuring
compliance with standards; (2) retains ownership of the treatment units;
(3) performs monitoring, analyses and maintenance; and (4) manages the
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treatment program and maintains insurance coverage for damage and liabil-
ity. It should also be considered that there is no significant increase
in risk over centrally treated water.

These issues should be borne in mind when POE as a treatment
alternative is being considered.

Systems with currently unfiltered surface water supplies which meet
the source water quality criteria, but do not meet one or more of the
other requirements for watershed control, sanitary survey, compliance with
annual coliform MCL or disinfection by-product regulation(s), will be
required to install filtration unless the deficiencies can be corrected
within 48 months of promulgation of the SWTR. Interim protection measures
include those previously listed.

Systems with currently unfiltered surface water supplies which meet
the source water quality criteria and the site specific criteria but which
do not meet the disinfection requirements, will be required to install
filtration unless the disinfection requirements (adequate CT and/or
disinfection system redundancy) can be met. During the interim period,
available options include:

a. Temporary installation of a mobile treatment plant

b. Temporary purchase of water from a nearby purveyor
c. Increased monitoring of the system

d. Installation of temporary storage facilities to increase the
disinfectant contact time

Currently filtered supplies which fail to meet the turbidity or
disinfection performance criteria presented in Section 5 will be required
to evaluate and upgrade their treatment facilities in order to attain
compliance. During the interim period available options for improving the

finished water quality include:
a. Use of a filter aid to improve filter effluent turbidities

b. Increased disinfectant dosages

c. The addition of an alternate disinfectant is an option after
the disinfection by-products rule is prosulgated
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d. Reduction in filter loading rates with subsequent reduction
in plant capacity

e. Installation of temporary storage facilities to increase
disinfectant contact time

6.6 Notification to EPA

The SOWA requires that each Primacy Agency which grants an exemption
notify EPA of the granting of this exemption. The notification must
contain the reasons for the exemption, including the basis for the finding
that the exemption will not result in an unreasonable risk to public
health and document the need for the exemption.
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TESTING FOR CIARDIA I\ WATER

To begin the workgnoups on testing, Jay Vasconceles gave a siide presentateon
about the testung method wsed 4n the Reg«on 10 laborateny. The fellewang
pages ard Appendix C summanize his talk.

\iethods of Testing for Ciardia in Water (Ceorge (Jay) Vasconcelos, Regzional
Microbiologist, Region 10 Laberatorv,
Manchester, hashington)

Background:

Although recent development of an excystation technique by Drs. Bingham,
Meyer, Rice and Schaefer could in future lead to developing cultural methods,
at this time no teliable methods exist for culturing Giardia cysts {rom water
samples. At present, the only practical method for determining the presence
of cysts in water 1s by direct mucroscopic examnation of sample concentrates.

Microscopic detection in water-sample concentrates isn't an ideal process.
Finding and 1dentifying the cysts relies almost entirely on the training,

skill, experience and persistence of the examiner. (And 1t 1s a skill not
widespread among water-supply laboratories.) But despite 1ts limitations,
mrcroscopic identification 1s currently the best method we have.

Years ago, the basic assumption was made that in order to find Giardia cvsts

in water, some form of sample concentration was necessary. As early as 1956,

labs were using membrane filters with a porosity of 0.45 pm. With few exceptions,
these attempts were unsuccessful. The center for Disease Control has tried
particulate filtration, with diatomaceous earth as the medium. This removed

the cysts from the water, but the cysts couldn't be separated from the

particles of diatomaceous earth.

With the recent increase in the incidence of waterbome giardiasis, further
efforts have been made to improve the detection method. An 1deal method would
be one that recovers all cysts in a water sample rapidly, cheaply and simply,
allows rapid detection, identification and quantification; and provides
information on the viability of and/or infectivity potential of cysts detected.

Unfortunately, no such method exists. The methods presently available

can be broadly separated into two general stages: primary concentration and
processing (see Table 1 on next page), and detection and identification

(see Table 2 on next page).
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TESTING FOR GIARDIA IN WATER

Methods of Testing for Giardia in Water (Continued...)

15)

Tkﬁ“ :

PRIMARY CONCENTRATION AND PROCESSING METHODS

METHOD

1. Memdrane frltration

Cellulosic
{(470-0.45um)

Polycardinate
(293am-Sum)

2, Particulate Filtration

(oratomaceous esrtn, sand,
(1139

3, Algae (Feerst) Centrifuge

4, Anmionic ang Catiomie

Excnange nesing

S, Epoxy-Fiberglass Balston
Tooe Fiiters

2

6. Microporous Yarmwoven Oepth,

Filters

{7 & Luz orlon & polyprolylene)

7. Pellican Cassette System

8. Friterwasning Apparitus

INVESTIGATOR (S)

Chang § Xadler
UsSPHS, 1956

Pyper, Dufrain § Menry Eng
1982, (unpublishea)

Shav et al, 1977
Juranex, 1979

Holman et al, 158)
OHHS, Washington

Brewer, Wright State UN.
(unpublishes)

Riggs, COKS Lad, Berkley, CA
(unpudlished)

Jakubowsk1, Erickson, 1979 &
1980, EPA-Cincianatt

Miltipore Corp.
(unpudltsnea)

DuWalle, U, of Wash., 1982
(unpud! tsned)

RESULTS

Generally unsucessful

Passing 1 gal/min @
10 PSI. 15-1800 gal
total,

Generally good resoval
byt poor sluition

Good rapid recovery,
but limited in fiele
use,

Generally unsucessfyl

Overall recovery 20-80%

Recovary J3-15%
Extraction ave. 581

May be useful for
processing fiiter
wishings

Clatms 75% recovery
from orlon frlters

TADLE 2: DETECTION METHOOS

METHOD
1. lsnyneflyorescen
A

IFA

monoclanal Antibodies

. ELISA wetnoe

3. Brigrt*1eld/Pnase Contrast

INVESTIGATORS(S)

Riggs, CSOHS Lab, Bertley, CA

158

Sauch, EPACincinmatt
Riggs, CSDS

Riggs, CSOHS
Savch, EPA-Cincinnatt
(unpudl 1shed)

Wungar, J. Mepking MD, 1983

EPA Consensus aethod

RESULTS

Good prep.. Cross Rx

$till wnder study

$till wnder stucy

Feces sanples only

Ongovng



TESTING FOR GIARDIA IN WATER

Methods of Testing for Giardia in Water (Continued...)

Copies of Table 1 and Table 2 are also shown in Appendix C, along with
further detail about the methods.

EPA Consensus Method:

In Seprember, 1980, the EPA convened a workshop on Giardia methodology 1n
Cincinnati. Its main purpose was to identify the best available methodology,
and to agree on a refererce method. The five labs in attendance recognized
that any proposed method would be based in large part on opimons and personal
preferences rather than on hard data, but that agreeing on a consensus meticc
would promote uniformity and provide a basis for future comparisons. Our

1ab has modified the EPA consensus method slightly for our use. This methcc
1s outlined below.

Filter unwound into quarters

Rinsed in distilled water with polysorbate 20

|

Settled overnight, or centrifuged

|

Collect sediment and add 2% Formaldehyde in PBS

l

Settled overnight, or centrifuged

¥

Collect sediment

!

v
71 g. L1 g.
S ¥
ucrose or .
Percoll-sucrose InS04 Flotation
gradient J,

Microscopic observation of the entire
concentrate (Brightfield/Phase-contrast)
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APPENDIX B
INSTITUTICNAL CONTROL OF LEGIONELLA

Introduction
Leqionella is a genus name for bacteria commonly found in lake and river
waters. Some species of this genus have been identified as the cause of the

disease legaonellosis. In particular, Llegionella pneumophila has been

identafied as the cause of Legqionnaires disease, the pneumonia form of
legionellosis and with Pontiac Fever, a nonpneumonia disease. Outbreaks of
legionellosis are primarily associated with inhalation of water aerocsols or,
less commonly, with drinking water containing Legionella bacteria with
specific virulence factors not yet identified. Foodborne outbreaks have not
been reported (USEPA, 198S5).

As discussed in this document, treatment requirements for disinfection of
a4 municipal water supply are thought to provide at least a 3 log reduction of
Legionella bacteria (see Section 3.2.2). However, some recontamination may
occur in the distribution system due to cross connections and during
installation and repair of water mains. It has been hypothesized that the low
concentrations of Legionella entering buildings due to these sources may
colonize and regrow in hot water systems (USEPA, 1985). Although all of the
criteria required for colonization are not known, large institutions, such as
hospitals, hotels, and public buildings with recarculating hot water systems
seem to be the most susceptible. The control of Legionella in health care
institutions, such as hospitals, is particularly important due to the
increased susceptibility of many of the pagients.

The colonization and growth of Legionella in drinking water primarily
occurs within the consumer's plumbing systems after the water leaves the
distribution system. Therefore, the control of these organisms must be the
consumer's responsibility. This appendix is intended to provide guidance to
these institutions for the detection and control of the Legionella bacteria.

Monitoring
It is suggested that hospitals, and othar institutions with potential for

the growth of Llegionella, conduct routine monitoring of their hot water



systems at least quarterly. 1 The analytical procedures for the detection cif

these organisms can be found in Section 912.1 "Legionellaceae” of the 1l6th

edition of Standard Methods. Samples should be taken at, or closely

following, the hot water storage reservoir and from a number of shower heads.
It igs recommended that showers with the least frequent usage be included in
the sampling program. Follow-up testing is suggested for all posative
indications prior to the initiation of any remedial measures. If the the
presence of legionella is confirmed, then remedial measures should be taken.
Although the regrowth of Legionella is commonly associated with hot water
systems, hot and cold water interconnections may provide a pathway for cross
contamination. For this reason, systems detecting Legionella in hot water

systems should also monitor their ‘cold water systems.

Treatment

Because the primary route of exposure to Legionella is probably
inhalation, rather than ingestion, it is recommended that disinfection
procedurse include an initial shock treatment periocd to disinfect shower heads
and hot water taps where the bacteria may colonize and later become airborne.
The shock treatment period should also include disinfection of hot water
tanks. After this time, a point-of cntry treatment system can be installed to
provide continual disinfection of the hot water systenm.

Initial Disinfection
The most applicable method for the initial disinfection of shower heads

and water taps is heat eradication. The fittings can be removed and held at

temperatures greater than 60 C for at least 24 hours. Disinfection of fit-
tings can also be achieved by soaking or rinsing with a strong chlorine
solution. When soaking the fittings, a minimum chlorine strength of 50 mg/L
should be used for a period of no less than 3 hours. Rinsing with chlorine

should be performed with more concentrated solutions. Care pust be taken not

1. Monitoring frequency based on the reported rate of Legionella
regrowth observed during disinfection studies (USEPA, 1985).



to corrode the finished surface on the fittings. Commercially available
bleaches, for example, are typically 5.25 percent chlorine by weight.

Long=-Term Disinfection

Heat - Numerous studies have shown that increasing the hot water tempera-
ture to 50 - 70 C over a period of several hours may help to reduce and
inhibit legionella populations. However, some instances of regrowth after 3
to 6 months have been reported. In these cases, the authors have concluded
that a periodic schedule of short-term temperature elevation in the hot water
may be an effective control against legionellosis (USEPA, 1985; Muraca, 1986).
Disinfection by this method also requires periodic flushing of faucets and
shower heads with hot water. Although heat eradication is easily implemented
and relatively inexpensive, a disadvantage is the potential need for periedic
disinfectaon. The potential for scalding from the unugually hot water also
exists (USEPA, 1985; Muraca, et al. 1986).

Chlorination - Several studies have suggested that a free chlorine
residual of 4 mg/L will eradicate Legxonella growth. There 1s, however, a
possibility for recontamination in areas of the system where the chlorine
residual drops below this level. A stringent monitoring program is therefore
required to ensure that the proper residual is maintained throughout the
system and under varying flow conditions. It may also be necessary to apply a
large initial chlorine dose to maintain the 4 mg/L residual. This may cause
problems of pipe corrosion and, depending on water quality, high levels of
trihalomethanes (THMs).

Ozone - Ozone is the most powerful oxidant used in the potable water
industry. One study indicated that an ozone dosage of 1 to 2 mg/L was suffi-
cient to provide a 5§ log reduction of Legionella (Muraca, et al. 1986). Ozone
is generated by passing a high voltage current of electricity through a stream
of dry air or oxygen. The use of high voltage electricity requires proper
handling to aveid creating hazardous conditions. The ozone is applied by
bubbling the ozone containing gas through the water in a chamber called a
contactor.

One of the disadvantages of this system is its complexity. It requires a
dry air or oxygen socurce, a generatof, and a contactor sized to prov:de 2 to 5
minutes of contact time and an ambient ozone monitor. All materials in



contact with the ozone must be constructed of special ozone resistant mat-
erials to prevent leakage. Leak detection is also required because of the
texic nature of ozone and possible explosive conditions if pure oxygen is used
for generation.

Another disadvantage of ozonation is the rapid decomposition of ozene
residuals. The half-life of ozone in drinking water is typiacally arocund 10
minutes. This makes it difficult, if not impossible, to maintain a resadual
throughout the water system and may require the use of a supplementary
disinfectant such as chlorine or heat. For these reasons it is not thought
that ozonation is viable for institutional applications.

Ultraviolet Irradiation - Ultraviolet (UV) light, in the 254 nancmeter

wavelength range can be used as a disinfectant. UV systems typically contain

low-pressure mercury vapor lamps to maximize output in the 254 nm range.
Water entering the unit passes through a clear cylinder while the lamp is on,
exposing bacteria to the UV light. Because UV light can not pass through
ordinary window glass, special glass or quartz sleesves are used to assure
adequate exposure.

The intensity of UV irradiation is measured in microwatt-seconds per
square centimeter (uW-s/cm2). Several studies have shown a 90 percent reduc-
tion of Legionella with a UV dosage of 1000 - 3000 uW-s/cm2, compared to 2000
to 5000 uw-s/cm2 for E. coli, Salmonella and Pseudomonas (USEPA, 1985). In

another study, a S log reduction of ngionella was achieved at 30,000
uw-s/cm2; and the reduction was more rapid than with both ozone and chlorine

disinfection (Muraca, et al. 1986).
The major advantage of UV disinfection is that it does not require the

addition of chemicals. Thisg eliminates the storage and feed problems associ-
ated with the use of chlorine, chlorine dioxide and chloramines. In addition,
the only maintenance required is periodic cleaning of the quartz sleeve and
replacement of bulbs. UV monitors are available which measure the 1light
intensity reaching the water and provides a signal to the user when
maintenance is required. These monitors are strongly suggested for any
application of UV irradiastion for disinfection. It should be noted, however,
that these monitors measure light intensity which may not be directly related
to disinfection efficiency. The UV lamps should therefore not be operated
past the manufacturers use rating even with a continuous UV monitor installed.
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Another disadvantage of UV disinfection, as with ozonation, is that a
resadual is not provided. A supplementary disinfectant may therefore be
requared to provide protection throughout the system. In addition, turbadity
may interfere with UV disinfection by blocking the passage of light to the
microorganisms.

Other Control Methods - In addition to chemical and heat disinfection,

there are system modifications which can be made to ainhibit legionella growth.
Many institutions have large hot water tanks heated by coils located midway in
the tank. This type of design may result in areas near the bottom of the tank
which are not hot enough to kill Legionella. Designing tanks for more even
distribution of heat may help limat bacterial colonization. In addition,
sediment buiald-up in the bottom of storage tanks provides a surface for
colonization. Periodic draining and cleaning may therefore help control
growth. Additionally, other studies have found that hot water systems with
stand-by hot water tanks used for meeting peak demands, still tested posative
for Legionella despite using elevated temperature (55 C) and chlorination
(2 ppm) (Fisher-Hoch, et al. 1984.) Stringent procedures for the cleaning,
disinfection and monitoring of these stagnant tanks should be set up and
followed on a regular basis.

In another study, it was reported that black rubber washers and gaskets
supported Llegionella growth by providing habitats protected from heat and
chlorine. It was found, after replacement of the black rubber washers wath
Proteus 80 compound washers, that it was not possible to detect Legionella
from any of the fixtures (Colbourne, et al. 1984).

Conclusions

Legionella bacteria have been identified as the cause of the disease
legionellosis, of which the most serious form is Legionnaires Disease.
Although conventional water treatment practices are sufficient to provide
disinfection of Legionella, regrowth in buildings with large hot water
heaters, and especially with recirculating hot water systems, 1s a significant
problem. This problem is of particular concern to health care institutions,

such as hospitals, where patients may be more susceptible to the disease. °



This guadeline suggests a program of quarterly monitoring for Legionella,
If the monitoring program suggests a potential problem with these organisms, a
two stage disinfection program 1s suggested consisting of an initial period of
shock treatment followed by long term disinfectaon.

Four methods of disinfection for the control of Legionella were presented
in this appendix: heat, chlorination, ozonation, and ultraviolet irradiation.
All four of the methods have proven effective in killing Legionella.
Ultraviolet irradiation and heat eradication are the suggested methods of
disinfection due, praimarily, to advantages in monitorang and maintenance.
However, site specific factors may make chlorination or ozonation more feas-
ible for certain applications. In addition, i1t is recommended that all
outlets, fixtures and shower heads be inspected and all tlack rubber washers
and gaskets replaced with materials which do not support the growth of
Leg1one11a organisms.

One problem associated with the application of point-cf-entry treatment
systems is the lack of an approved program for certifying performance claims.
However, the National Sanitation Foundation (NSF', Ann Arbor, MI an
unofficial, non-profit organization, does have a testing program to verify
disinfection efficiencies and materials of construction. Certification by the
NSF, or other equivalent organizations, is desirable when selecting a

treatment system.
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APPENDIX C
TERMINATION OF NFECTANT CONTACT TIM

As indicated in Section 3, for pipelines, all fluid passing through
the pipe is assumed to have a detention time equal to the theoretical or
mean residence time at a particular flow rate. However, in mixing basins,
storage reservoirs, and other treatment plant process units, utilities
will be required to determine the contact time for the calculation of CT
through tracer studies or other methods approved by the Primacy Agency.

For the purpose of determining compliance with the disinfection
requirements of the SWIR, the contact time of mixing basins and storage
reservoirs used in calculating CT should be the detention time at which
90 percent of the water passing through the unit is retained within the
basin.  This detention time was designated as T, according to the
convention adopted by Thirumurthi (1969). A profile of the flow through
the basin over time can be generated by tracer studies. Information
provided by these studies is used for estimating the detention time, Tioe
for the purpose of calculating CT.

This appendix is divided into two sections. The first section
presents a brief synopsis of tracer study methods, procedures, and data
evaluation. In addition, examples are presented for conducting hypo-
thetical tracer studies to determine the T, contact time in a clearwell.
The second section presents a method of determining T,, from theoretical
detention times in systems where it is impractical to conduct tracer
studies.

C.1 Iracer Studjes

C.1.1 Flow conditions

Although detention time is proportional to flow, it is not generally
a linear function. Therefore, tracer studies are needed to establish
detention times for the range of flow rates experienced within each
disinfectant section.

As discussed in Section 3.2, a single flow rate may not characterize
the flow through the entire system. With a series of reservoirs,
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clearwells, and storage tanks flow will vary between each portion of the
system,

In filter plants, the plant flow is relatively uniform from the
intake through the filters. An increase or reduction in the intake
pumping capacity will impart a proportional change in flow through each
process unit prior to and including the filters. Therefore, at a constant
intake pumping rate flow variations between disinfectant sections within
a treatment plant, excluding clearwells, are likely to be small, and the
the design capacity of the plant, or plant flow, can be considered the
nominal flow rate through each individual process unit within the plant.
Clearwells may operate at a different flow rate than the rest of the
plant, depending on the pumping capacity.

Ideally, tracer tests should be performed for at least four flow
rates that span the entire range of fiow for the section being tested.
The flow rates should be separated by approximately equal intervals to
span the range of operation, with one near average flow, two greater than
average, and one less than average flow. The flows should also be
selected so that the highest test flow rate is at leaste 91 percent of the
highest flow rate expected to ever occur in that section. Four data
points will assure a good definition of the section's hydraulic profile.

The results of the tracer tests performed for different flow rates
should be used to generate plats of Tna vs. Q for each section in the
system. A smooth line is drawn through the points on each graph to create
a curve from which T,  may be read for the corresponding Q at peak hourly
flow conditions. This procedure is presented in Section C.1.8.

It may not be practical for all systems to conduct studies at four
flow rates. The number of tracer tests that are practical to conduct is
dependent on site-specific restrictions and resources available to the
system. Systems with limited resources can conduct a minimum of one
tracer test for each disinfectant section at a flow rate of not less than
91 percent of the highest flow rate experienced at that section. If only
one tracer test is performed, the detention time determined by the test
may be used to provide a conservative estimate in CT calculations for that
csction for all flow rates less than or equal to the tracer test flow
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rate. T, is inversely proportional to flow rate, therefore, the T, at a
flow rate other than that which the tracer study was conducted (T .) can
be determined by multiplying the ¥, from the tracer study (T,o1) by the
ratio of the tracer study flow rate to the desired flow rate, i.e.,
Tis = Tor X O where
0

o8 ® Ty, 8t system flow rate
w1 = Ty @t tracer flow rate
= tracer study flow rate

T
I
Q
Q = system flow rate

1
0

The most accurate tracer test results are obtained when flow 1s
constant through the section during the course of the test. Therefore,
the tracer study should be conducted at a constant flow whenever
practical. For a treatmeat plant consisting of two or more equivalent
process trains, a constant flow tracer test can be performed on a section
of the plant by holding the flow through one of the trains constant while
operating the parallel train(s) to absorhb any flow variations. Flow
variations during tracer tests in systems without parallel trains or with
single clearwells and storage reservoirs are more difficult to avoid. In

these 1nstances, T, should be recorded at the average flow rate over the
course of the test.

C.1.2 Other Tracer Study Considerations

In addition to flow conditions, detention times determined by tracer
studies are dependent on the water level in the contact basin. This is
particularly pertinent to storage tanks, reservoirs, and clearwells which,
in addition to being contact basins for disinfection are also often used
as equalization storage for distribution system demands. In such
instances, the water levels in the reservoirs vary to meet the system
demands. The actual detention time aof these contact basins will also vary
depending on whether they are emptying or filling.

For some process units, especially sedimentation basins which are
operated at a near constant level, that is, flow in equals flow out, the
detention tige determined by tracer tests {s valid for calculating CT when
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the basin is operating at water levels greater than or equal to the level
at which the test was performed. If the water level during testing is
higher than the normal operating level, the resulting concentration
profile will predict an erroneously high detention time. Conversely,
extremely low water levels during testing may lead to an overly conserva-
tive detention time. Therefore, when conducting a tracer study to
determine the detention time, a water level at or slightly below, but not
above, the normal minimum operating level is recommended.

For many plants, the water level in a clearwell or storage tank
varies between high and low levels in response to distribution system
demands. In such instances, in order to obtain a conservative estimate
of the contact time, the tracer study should be conducted during a period
when the tank level is falling (flow out greater than flow in). This
procedure will provide a detention time for the contact basin which is
also valid when the water level is rising (flow out less than flow in)
from a level which is at or above the level when the T, was determined by
the tracer study. Whether the water level is constant or variztle, the
tracer study for each section should be repeated for several different
flows, as described in the previous section.

for clearwells which are operated with extreme variations in water
level, maintaining & CT to comply with inactivation requirements may be
impractical. Under such operating conditions, a reliable detention time
is not provided for disinfection. However, the system may install a weir
to ensure a minimum water level and provide a reliable detention time.

Systems comprised of storage reservoirs that experience seasonal
variations in water levels may perform tracer studies during the various
seasonal conditions. For these systems, tracer tests should be conducted
at several flow rates and representative water levels that occur for each
seasonal condition. The results of these tests can be used to develop
hydraulic profiles of the reservoir for each water level. These profiles
can be plotted on the same axis of T, vs. Q and may be used for calculat-
ing CT for different water levels and flow rates.

Oetention time may also be influenced by differences in water
temperature within the system. For plants with potential for thermal
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stratification, additional tracer studies are suggested under the various
seasonal conditions which are likely to occur. The contact times
determined by the tracer studies under the varigus seasonal conditions
should remain valid as long as no physical changes are made to the mixing
basin(s} or storage reservoir(s).

As defined in Section 3.2.2, the portion of the system with a
measurable tontact time between two points of disinfection or residual
monitoring is referred to as a section. For systems which apply
disinfectant(s) at more than one point, or choose to profile the residual
from one point of application, tracer studies should be conducted to
determine T, for each section containing process unit{s). The T, for a
section may or may not include a length of pipe and is used along with the
residual disinfectant concentraticn prior to the next disinfectant appli-
cation or monitoring point to determine the CT ,, for that section. The
inactivation ratio for the section is then determined. The total
inactivation and log inactivation achieved in the system can then be
determined by summing the inactivation ratios for all sections as
explained in Section 3.2.2.

For systems that have two or more units of identical size and
configuration, tracer studies only need to be conducted on one of the
units. The resulting graph of T, vs. flow can be used to determine T
for all identical units.

Systems with more than one section in the treatment plant may
determine T, for each section

- by individua) tracer studies through each section, or
- by one tracer study across the system

If possible, tracer studies should be conducted on each section to
determine the T,, for each section. In order to minimize the time needed
to conduct studies on each section, the tracer studies should be started
at the last section of the treatment train prior to the first customer and
completed with the first section of the system. Conducting the tracer
studies in this order will prevent the interference of residual tracer
material with subsequent studies.
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However, it may not always be practical for systems to conduct
tracer studies for each section because of time and manpower constraints.
[n these cases, one tracer study may be used to determine the Tlo values
for all of the sections at one flow rate. This procedure involves the
following steps:

1. Add tracer at the beginning of the furthest upstream
disinfection section.

2. Measure the tracer concentration at the end of each disinfec-
tion section.

3. Determine the T,  to each monitoring point as outlined in the
data evaluation examples presented in Section C.1.7.

4. Subtract T  values of each of the upstream sections from the
overall T, value to determine the T, of each downstream
section.

This approach is valid for a series of two or more consecutive
sections as long as all process units within the sections experience the
same flow condition. This approacn is illustrated by Hudson (1975) in
which step-dose tracer tests were employed to evaluate the baffling
characteristics of flocculators and settling basins at six water treatment
plants. At one plant, tracer chemical was added to the rapid mix, which
represented the beginning of the furthest upstream disinfection section
in the system. Samples were collected from the flocculator and settling
basin outlets and analyzed to determine the residence-time characteristics
for each section. Tracer measurements at the flocculator outlet indicated
an approximate T, of § minutes through the rapid mix, interbasin piping
and flocculator. Based on tracer concentration monitoring at the settling
basin outlet, an approximate T,, of 70 minutes was determined for the
combined sections, including the rapid mix, interbasin piping, floccu-
lator, and settling basin. The flocculator T,, of 5 minutes was subtracted
from the combined sections' T,, of 70 minutes, to determine the T,, for the
settling basin alone, 65 minutes.

This approach may also be applied in cases where disinfectant
application and/or residual monitoring is giscontinued at any point
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between two or more sections with known T, values. These T , values may
be summed to obtain an equivalent T , for the combined sections.

For azone contactors, flocculators or any basin containing mixing,
tracer studies should be conducted for the range of mixing used in the
process. [n ozone contactors, air or oxygen should be added in lieu of
ozone to prevent degradation of the tracer. The flow rate of air or
oxygen used for the contactor should be applied during the study to
simulate actual operation. Tracer studies should then be conducted at
several air/oxygen to water ratios to provide data for the complete range
of ratios used at the plant. For flocculators, tracer studies should be

conducted for various mixing intensities to provide data for the complete
range of operations.

C.1.3 Tracer Studv Methods

This section discusses the two most common methods of tracer
addition employed in water treatment evaluations, the step-dose method
and the slug-dose method. Tracer study methods involve ‘he applization
of chemical dosages to a system and tracking the resulting effluent
concentration as a function of time. The effluent concentration profile
is evaluated to determine the detention time, T

While both tracer test methods can use the same tracer materials and
involve measuring the concentration of tracer with time, each has distinct
advantages and disadvantages with respect to tracer addition procedures
and analysis of results.

The step-dose method entails introduction of a tracer chemical at
a constant dosage until the concentration at the desired end point reaches
a steady-state level, Step-dose tracer studies are frequently employed
in drinking water applications for the following reasons:

-~ the resulting normalized concentration vs. time profile is

directly used to determine, T,,, the detention time required
for calculating CT

- very often, the necessary feed equipment is available to
provide a constant rate of application of the tracer chemical
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One other advantage of the step-dose method is that the data may be
verified by comparing the concentration versus elapsed time profile for
samples collected at the start of dosing with the profile obtained when
the tracer feed is discontinued.

Alternatively, with the slug-dose method, a large instantaneous dose
of tracer is added to the incoming water and samples are taken at the exit
of the unit over time as the tracer passes through the umit. A disadvan-
tage of this technique is that very concentrated solutions are needed for
the dose in order to adequately define the concentration versus time
profile. Intensive mixing is therefore required to minimize potential
density-current effects and to obtain a uniform distribution of the
instantaneous tracer dose across the basin. This is inherently difficult
under water flow conditions often existing at inlets to basins. Other
disadvantages of using the slug-dose method include:

- the concentration and volume of the instantaneous tracer dose
must be carefully computed to provide an adequate tracer
profile at the effluent of the basin

- the resulting concentration vs. time profile cannot be used
to directly determine T,, without further manipulation

- a mass balance on the treatment section is required to
determine whether the tracer was completely recovered

One advantage of this method is that it may be applied where
chemical feed equipment is not available at the desired point of addition,
or where the equipment available does not have the capacity to provide the
necessary concentration of the chosen tracer chemical. Although, in
general, the step-dose procedure offers the greatest simplicity, both
methods are theoretically equivalent for determining T ,. Either method
is acceptable for conducting drinking water tracer studies, and the choice
of the method may be determined by site-specific constraints or the
systea's experience.

C.1.4 Iracer Selection

An important step in any tracer study is the selection of a chemical
to be used as the tracer. ldeally, the selected tracer chemica! shculd
be readily available, conservative (that {is, not consumed or removed
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during treatment), easily monitored, and acceptable for use in potable
water supplies. Historically, many chemicals have been used 1n tracer
studies that do not satisfy all of these criteria, including potassium
permanganate, alum, chlorine, and sodium carbonate. However, chloride and
fluoride are the most common tracer chemicals employed in drinking water
plants that are nontoxic and approved for potabie water use. Rhodamine
WT can be used as a fluorescent tracer in water flow studies in accordance
with the following guidelines:

- Raw water concentrations should be limited to a maximum
concentration of 10 mg/L.

- Drinking water concentations should not exceed 0.1 ug/L.

- Studies which results in human exposure to the dye must be
brief and infrequent.

- Concentrations as low as Z ug/L can be used in tracer studies
because of the low detection level in the range of 0.1 to 0.2
ug/L.

The use of Rhodamine B as a tracer in water flow studies is not recom-
mended by the EPA.

The choice of a tracer chemical can be made based, in part, on the
selected dosing method and also on the availability of chemical feeding
equipment. For example, the high density of concentrated salt solutions
and their potential for inducing density currents, usually precludes
chloride and fluoride as the selected chemical for slug-dose tracer tests.

Fluoride can be a convenient tracer chemical for step-dose tracer
tests of clearweils because it is frequently applied for finished water
treatment. However, when fluoride is used in tracer tests on clarifiers,
allowances should be made for fluoride that is absorbed on floc and
settles out of water (Hudson, 1975)., Additional considerations when using
fluoride in tracer studies include:

- it is difficult to detect at low levels

- many states impose a finished water limitation of 1 mg/L
- the federal secondary and prisary drinking water

standards (MCLs) for fluoride are 2 and 4 mg/L,
respectively
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The use of fluoride is only recommended in cases where the feed equipment
is already in place for safety reasons.

In instances where only one of two or more parallel unrits is tested,
flow from the other units would dilute the tracer concentration prior to
leaving the plant and entering the distribution system. Therefore, the
impact of drinking water standards on the use of fluoride and other tracer
chemicals can be alleviated in some cases.

C.1.5 TIracer Additjon
The tracer chemical should be added at the same point(s) in the
treatment train as the disinfectant to be used in the CT calculations.

C.1.5.1 3Step-dose Method

The duration of tracer addition is dependent on the volume of the
basin, and hence, its theoretical detention time. In order to approach
a steady-state concentration in the water exiting the basin, tracer
addition and sampling should usually be continued for a period of two to
three times the theoretical detention time (Hudson, 1981). It is not
necessary to reach a steady state concentration in the exiting water to
determine T,,, however, it is necessary to determine tracer recovery. It
is reconmended that the tracer recovery be determined to identify
hydraulic characteristics or density problems.

In all cases, the tracer chemical should be dosed in sufficient
concentration to easily manitor a residual at the basin cutlet throughout
the test. The required tracer chemical concentration, is generally depen-
dent upon the nature of the chasen tracer chemical, including its
background concentration, and the mixing characteristics of the basin to
be tested. Recommended chloride dases on the order of 20 mg/L (Hudson,
1975) should be used for step-method tracer studies where the background
chloride level is less than 10 mg/L. Also, fluoride concentrations as low
as 1.0 to 1.5 mg/L are practical when the raw water fluoride level is not
significant (Hudson, 1975). However, tracer studies conducted on systems
suffering from serious shortcircuiting of flow may require substantially
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larger step-doses. This would be necessary to detect the tracer chemical
and to adequately define the effluent tracer concentration profile.

c.1.5.2 Slug-dose Method

The duration of tracer measurements using the siug-dose method is
also dependent on the volume of the basin, and hence, 1ts theoretical
detention time. In general, samples should be callected for at least
twice the basin's thecretical detention time, or until tracer concentra-
tions are detected near background leveis.

Tracer addition for slug-dose method tests should be instantaneous
and provide uniformly mixed distribution of the chemical. Tracer addition
15 considered instantaneous if the dosing time does not exceed 2 percent
of the basin's theoretical detention time (Marske and Boyle, 1973). GCne
recommended procedure for achieving instantaneous tracer dosing is to
apply the chemical by gravity flow through a funnel and hose apparatus.
This method is also beneficial because it provides a means of standardiza-
tion, which is necessary to obtain reproducible resuits.

The mass of tracer chemcal to be added is determined by the desired
theoretical concentration and basin size. Since the mass of tracer added
in slug-dose tracer tests should be the minimum mass needed to obtain
detectable residual measurements to generate & concentration profile. As
a guideline, the theoretical concentration for the slug-dose method should
be comparable to the constant dose applied in step-dose tracer tests,
i.e., 10 to 20 mg/L and | to 2 mg/L for chloride and fluoride, respective~
ly. The mass of tracer chemical is calculated by muitiplying the
theoretical concentration by the total basin volume. This quantity is
diluted as required to apply an instantaneous dose, and minimize density
effects.,
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C.1.6 Test Procedure

In preparation for beginning a tracer study, the raw water
background concentration of the chosen tracer chemical must be estab-
lished. The background concentration is essential, not only for aiding
in the selection of the tracer dosage, but also to facilitate proper
evaluation of the data.

The background tracer concentration should be determined by
monitoring for the tracer chemical prior to beginning the test. The
sampling point(s) for the pre-tracer study moni‘oring should be the same
as the points to be used for residual monitoring to determine CT values.
The monitoring procedure is outlined in the following steps:

- If the tracer chemical is normally added for treatment,
discontinue its addition to the water in sufficient time to
permit the tracer concentration to recede to its background
level before the test is begun.

- Prior to the start of the test, regardless of whether the
chosen tracer material is a treatment chemical, the tracer
concentration in the water is monitored at the sampling point
where the aisinfectant residual will be measured for (T
calculations.

- If a background tracer concentration is detected, monitor it
until a constant concentration, at or below the raw water
background level is achieved. This measured concentration is
the baseline tracer concentration,

Following the determination of the tracer dosage, feed and monitoring
point(s), and a baseline tracer concentration, tracer testing can begin.

Equal sampling intervals, as could be obtained from automatic
sampling, are not required for either tracer study method. However, using
equal sample intervals for the slug-dose method can simplify the analysis
of the data. ODuring testing, the time and tracer residual of each
measurement should also be recorded on a data sheet. In addition, the
water level, flow, and temperature should be recorded during the test.

C.1.6.1 35tep-dose Method

At time zero, the tracer chemical feed will be started and left at
a constant rate for the duration of the test. Over the course of the
test, the tracer residual should be monitored at the required sampling
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point(s) at a frequency determined by the overall detention time and site
specific considerations. As a general guideline, sampling at intervals
of 2 to 5 minutes should provide data for a well-defined plot of tracer
concentration vs time. Less frequent residual monitoring may be possible
until a change 1n residual concentration is first detected. As a
guideline, 1n systems with a theoretical detention time greater than 4
hours, sampling may be conducted every 10 minutes for the first 30
minutes, or until a tracer concentration above the baseline level is first
detected. In general, shorter sampling intervals enable better character-
ization of concentration changes; therefore, sampling should be conducted
at 2 to 5-minute intervals from the time that a concentration change is
first observed until the residual concentration reaches a steady-state
value. A reasonable sampling interval should be chosen based on the
overall detention time of the unit being tested.

If verification of the test is desired, the tracer feed should be
discontinued, and the receding tracer concentration at the effluent should
be monitored at the same frequency until tracer concentrations correspond-
ing to the background level are detected. The time at which tracer feed
's stopped is time zero for the receding tracer test and must be noted.
The receding racer test will provide a replicate set of measurements which
can be compared with data derived from the rising tracer concentration
versus time curve. For systems which currently feed the tracer chemical,
the receding curve may be generated from the time the feed is turned off
to determine the background concentration level.

C.1.6.2 §lug-dose Method

At time zero for the slug-dose method, a large instantaneous dose
of tracer will be added to the influent of the unit. The same sampling
locations and frequencies described for step-dose method tests also apply
to slug-dose method tracer studies. One exception with this method is
that the tracer concentration profile will not equilibrate to a steady
state concentration. Because of this, the tracer should be monitored
frequently enough to ensure acquisition of data needed to identify the
peak tracer concentration,
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Slug-dose method tests should be checked by performing a materra)
balance to ensure that all of the tracer fed is recovered, or, mass
applied equals mass discharged.

C.1.7 Data Evaluation

Data from tracer studies should be summarized in tables of time and
residual concentration. These data are then analyzed to determine the
detention time, TlO, to be used in calculating CT. Tracer test data from
either the step or slug-dose method can be evaluated graphically,
numerically, or by a combination of these techniques.

C.1.7.1 Step-dose Method

The graphical method of evaluating step-dose test data involves
plotting a graph of dimensionless concentration versus time and reading
the value for T10 directly from the graph at the appropriate dimensionless
concentration. Alternatively, the data from step-dose tracer studies may
be evaluated numerically by developing a semi-logarithmic plot of the
dimensionless data. The semi-logarithmic plot allows a straight line to
be drawn through the data. The resulting equation of the line is used to

calculate the Tw value, assuming that the correlation coefficient

indicates a good statistical fit (0.9 or above). Scattered data points
from step-dose tracer tests are discredited by drawing a smooth curve
through the data.

An illustration of the T determination will be presented in an
exampie of the data evaluation F%quired for a clearwell tracer study.

C.1.7.2 Slug-dose Method

Data from slug-dose tracer tests is analyzed by converting it to the
mathematically equivalent step-dose data and using techniques discussed
in Section C.1.7.1 to determine T ,. A graph of dimensionless concentra-
tion versus time should be drawn which represents the results of a
slug-dose tracer test. The key to converting between the data forms is
obtaining the total area under the slug-dose data curve. This area is
found by graphically or nuserically intergrating the curve,  The
conversion to step-dose data is then completed in several mathematical
steps involving the total area.

c-i4



A graphical technique for converting the slug-dose data involves
physically measuring the area using a plamimeter. The planimeter is an
instrument used to measure the area of a plane closed curve by tracing its
boundary. Calibration of this instrument to the scale of the graph is
required to obtain meaningful readings.

The rectangle rule is 2 simple numerical intergration method which
approximates the total area under the curve as the sum of the areas of
individual rectangles. These rectangles have heights and widths equal to
the residual concentration and sampling interval (time) for each data
point on the curve, respectively. Once the data has been converted, T g
may be determined in the same manner as data from step-dose tracer tests.

Slug-dose concentration profiles can have many shapes, depending on
the hydraulics of the basin. Therefore, slug-dose data points should not
be discredited by drawing a smooth curve through the data prior to its
conversion to step-dose data. The steps and specific details involved
with evaluating data from both tracer study methods are illustrated in the
following examples.

Example for Determining T . in & Clearwell

Two tracer studies employing the step-dose and slug-dose methods of
tracer addition were conducted for a clearwell with a theoretical
detention time, T, of 30 minutes at an average flow of 2.5 MGD. Because
fluoride is added at the inlet to the clearwell as a water treatment
chemical, necessary feed equipment was in place for dosing a constant
concentration of fluoride throughout the step-dose tracer test. Based on
this convenience, fluoride was chosen as the tracer chemical for the
step-dose method test, Fluoride was also selected as the tracer chemical
for the slug-dose method test. Prior to the start of testing, a fluoride
baseline concentration of 0.2 mg/L was established for the water exiting
the clearwell.

Step-dose Method Test

For the step-dose test a constant fluoride dosage of 2.0 mg/L was
added to the clearwell inlet. Fluoride levels in the clearwell effluent
were monitored and recorded every 3 minutes. The raw tracer study data,
along with the results of further analyses are shown in Table C-1.
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TABLE C-1

ARM ATA--STEP- JRACER JEST'' 2 %
Fluoride Concentration
t. mnutes Measured, mg/l Trager, mg/i Dimensientess, C/Co

0 0.20 0 0

3 0.20 0 0

6 0.20 0 0

9 0.20 0 0

12 0.29 0.09 0.045
15 0.67 0.47 0.24
18 0.94 0.74 0.37
21 1.04 0.84 0.42
24 1.44 1.24 0.62
27 1.55 1.35 J.68
30 1.52 1.32 0.66
33 1.73 1.53 0.76
36 1.93 1.73 0.86
39 1.85 1.65 0.82
42 1.92 1.72 0.86
45 2.02 1.82 0.9
48 1.97 1.77 0.88
51 1.84 1.64 0.32
54 2.06 1.86 0.93
57 2.08 1.85 0.92
60 2.10 1.90 0.95
63 2.14 1.94 0.96

Notes:

1. Baseline conc.
2. Measured conc.

= 0.2 mg/L, fluoride dose = 2.0 mg/L
3. Tracer conc, = Qe

Tracer conc. + Baseline conc.
asured conc. - Baseline conc.



The steps in evaluating the raw data shown in the first column of
Table C-1 are as follows. First, the baseline fluoride concentration,
0.2 mgsL, is subtracted from the measured concentration to give the
fleorrde concentration resulting fram the tracer study addition alone.

For example, at elapsed time = 39 minutes, the tracer fluoride concentra-
tion, C, is obtained as follows:

t=¢C - €

Misutag bastline

= 1.85 mg/L - 0.2 mg/L
= 1.65 mg/L

This calculation was repeated at each time interval to obtain the data
shown in the third column of Table C-1. As indicated, the fluoride
concentration rises from O mg/L at t = 0 minutes to the applied fluoride
dosage of 2 mg/L, at t = 63 minutes.

The next step is to develop dimensionless concentrations by dividing
the tracer concentrations in the second column of Table C-1 by the applied
fluoride dosage, Co = 2 mg/L. For time = 39 minutes, C/Co is calculated
as follows:

C/Co = (1.65 mgsL)/(2.0 mg/L)
= (.82

The resulting dimensionless data, presented in the fourth column of
Table C-1, is the basis for completing the determination of T,, by either
the graphical or numerical method.

In order to determine T, by the graphical method, a plot of C/Co vs.
time should be generated using the data in Table C-1. A smooth curve
should be drawn through the data as shown on Figure C-1.

T,, is read directly from the graph at a dimensionless concentration
(C/Co) corresponding to the time for which 10 percent of the tracer has
passed at the effluent end of the contact basin (T,}). For step-dose
method tracer studfes, this dimensioniess concentration is C/Co = 0.10
(Levenspiel, 1972).

T,, should be read directly from Figure C-1 at C/Co = 0.1 by first
drawing a horizontal iine (C/Co = 0.1) from the Y-axis (t = 0) to its
intersection with the smooth curve drawn through the data. At this point
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FIGURE C-1

C/Covs. Time
Graphical Analysis for T10

C/Co

TIME (MINUTES)



of intersection, the time read from the X-axis is T,, and may be found by
extending a vertical line downward to the X-axis. These steps were

performed as illustrated on Figure C-1, resulting in a vaiuve for T
10

of
approximately 13 minutes.

For the numerical method of data analysis, several additional steps
are required to obtain T,, from the data in the fourth column of Table C-1.
The forms of data necessary for determining T, through a numerical
solutton are log,(1-C/Co) and t/T, the elapsed time divided by the
theoretical residence time. These are obtained by performing the required
mathematical operations on the data in the fourth column of Table C-1.
For example, recalling that the theoretical detention time, T, is 30
minutes, the values for Tog,, (1-C/Co) and t/T are computed as follows for
the data at t = 39 minutes:

log,,(1-C/Co) = log,, (1-0.82)

log,, (0.18)
-0.7%7
1.3

t/7T = 39 min./30 min.

This calculation was repeated at each time interval to obtain the
data shown n Table C-2. These data should be linearly regressed as

log,,(1-C/Co) versus t/T to cbtain the fitted straight-line parameters to
the following equation:

log 4(1-C/Co) = m(t/T) + b (1)

In equation 1, m and b are the slope and intercept, respectively,
for a plot of log,(i-C/Co) vs. t/T. This equation can be used to
calculate T,,, assuming that the correlation coefficient for the fitted
data indicates a good statistical fit (0.9 or above).

A linear regression analysis was performed on the data in Table C-2,
resulting in the foliowing straight-line parameters:

slope = m = -0.774
intercept = b = 0.251
correlation coefficient = 0.93
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Although these numbers were obtained numerically, a plot of
log,,(1-C/Co) versus t/T is shown for illustrative purposes on Figure C-2
for the data in Table C-2. In this analysis, data for time = 0 through
9 minutes were excluded because fluoride concentrations above the baseline
level were not observed in the clearwell effluent until t = 12 minutes.

Equation 1 is then rearranged in the following form to facilitate
a solution for T.:

T,o/T = (log,, (1 - 0.1) - b)/m (2)

In equation 2, as with graphical method, T,, is determined at the
time for which C/Co s 0.1. Therefore, in equation 2, C/Co has been
replaced by 0.1 and t (time) by T . To obtain a solution for T, the
values of the siope, intercept, and theoretical detention time are

substituted as follows:

T|°/30 min. = (109‘0(1 - 0.1) - 0.251)/(-0.774)
Tw a 12 minutes

In summary both the graphical and numerical methods of data
reduction resulted in comparable values for T,,. With the numerical
method, T,, was determined as the solution to an equation based on the
straight-line parameters to a linear regression analysis of the tracer
study data instead of an “"eyeball” estimate from a data plot.

Slug-dose Method Test

A slug-dose tracer test was also performed on the clearwell at a
flow rate of 2.5 mgd. A theoretical clearwell fluoride concentration of
2.2 mg/L was selected based on the baseline fluoride concentration of 0.2
mg/L, and to maintain the finished water fluoride level below 2 mg/L. The
fluoride dosing volume and concentration were determined from the follow-
ing considerations:

Dosing Yolume

-  The fluyoride injection apparatus consisted of a funnel and a
length of copper tubing. This apparatus provided a constant
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TABLE C-2
DATA FOR NUMERICAL DETERMINATION OF T

10
9 log,,(1-C/Co)
0 0
0.1 0
0.2 0
0.3 0
0.4 ~-0.020
0.5 -0.116
0.6 -0.201
0.7 -0.237
0.8 -0.420
0.9 -0.488
1.0 -0.468
1.1 -0.629
1.2 -0.870
1.3 -0.757
1.4 -0.854
1.5 -1.046
1.6 -0.939
1.7 -0.745
1.8 -1.155
1.9 -1.125
2.0 -1.301

2.1 -1.532



volumetric feeding rate of 7.5 liters per minute (L/min) under
gravity flow conditions.

At a flow rate of 2.5 mgd, the clearwell has a theoretical
detention time of 30 minutes. Since the duration of tracer
injection should be less than 2 percent of the clearwell's
theoretical detention time for an instantaneous dose, the
maximum duration of fluoride injection was:

Max. dosing time = 30 minutes x .02 = 0.6 minutes

At a dosing rate of 7.5 L/min, the maximum fluoride dosing
volume 15 calculated to be:

Max. dosing volume = 7.5 L/min. x 0.6 minutes = 4.5 L

For this tracer test, a dosing volume of 4 liters was
selected, providing an instantaneous fluoride dose in 1.8
percent of the theoretical detention time.

Fluoride Concentration

The theoretical detention time of the clearwell, 30 minutes,
was calculated by dividing the clearwell volume, 52,100

gallons or 197,200 liters, by tha average flow rate through
the clearwell, 2.5 mgd.

The mass of fluoride required to achieve a theoretical
concentration of 2.2 mg/L is calculated as follows:

Fluoride mass (initial) = 2.2 mg/L x 197,200 L x _| g = 434g
1000 mg

The concentration of the instantaneous fluoride dose is

determined by dividing this mass by the dosing volume, 4
liters:

Fluoride concentration = 434 g = 109 g/L
iL

Fluoride levels in the exit to the clearwell were monitored and

recorded every 3 minutes. The raw slug-dose tracer test data are shown
in Table C-3.

The first step in evaluating the data for different times is to

subtract the baseline fluoride concentration, 0.2 mg/L, from the measured
concentration at each sampling interval (Table C-3;. This is the same as
the first step used to evaluate step-dose wethod data and gives the
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TABLE C-3
CLEARWELL DATA -- SLUG-DOSE TRACER Tesi(!-2:3)

fluoride Concentratijon

Tracer, mg/L Dimensioaless, C/Co

.45
.55
.64
.82
.86
.55
.50
.59
.36
.18
.36
.18
.27
.18
.09
.14
.18
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1. Measured conc. = Tracer conc. + Baseline conc. )
2. Baseline conc. = 0.2 mg/L, fluoride dose = 109 g/L, thearetical conc. = 2.2 mg/L

3. Tracer conc. = Measured conc. - Baseline conc.



fluoride concentrations resulting from the tracer addition alone, shown
in the third column of Table C-3, As indicated, the fluoride concentra-
tion rises from 0 mg/L at t = 0 minutes to the peak concentration of 3.5
mg/L at t = 18 mwnutes. The exiting fluoride concentration gradually
recedes to near zero at t = 63 minutes.

The dimensionless concentrations in the fourth column of Table C-3
were obtained by dividing the tracer concentrations in the third column
by the clearweil's theoretical concentration, Co = 2.2 mg/L. These
dimensionless concentrations were then plotted as a function of time, as
is shown by the slug-dose data on Figure C-3. These data points were
connected by straight lines, resulting in a somewhat jagged curve.

The next step in evaluating slug-dose data is to determine the total
area under the slug-dose data curve on figure €-3. Two methods exist for
finding this area -- graphical and numerical. The graphical method is
based on a physical measurement of the area using a planimeter. This
involves calibration of the instrument to define the units conversion and
tracing the outline of the curve to determine the area. The results of
performing this procedure may vary depending on instrument accuracy and
measurement technique. Therefore, only an illustration of the numerical
technique for finding the area under the slug-dose curve will be presented
for this example.

The area obtained by either the graphical or numerical method would
be similar. Furthermore, once the area is found, the remaining steps
involved with converting the data to the step-dose response are the same.

Table C-4 summarizes the results of determining the total area using
a numerical integration technique called the rectangle rule. The first
and second columns in Table C-4 are the sampling time and fluoride
concentration resulting from tracer addition alone, respectively. The
steps in applying these data are as follows. First, the sampling time
interval, 3 sinutes, is multiplied by the fluoride concentration at the
end of the 3-minute interval to give the incremental area, in units of
milligram minutes per liter. For example, at elapsed time, t = 39
minutes, the incremental area is obtained as follows:
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Incremental area

a

sampling time interval x fluoride conc.
(39-36) minutes x 0.4 mg/L
1.2 mg-min/L

This calculation was repeated at each time interval to obtain the data
shown 1n the third column of Table C-4.

If the data had been obtained at unequal sampling intervais, then
the incremental area for each interval would be obtained by multiplying
the fluoride concentration at the end of each intervai by the time
duration of the interval. This convention also requires that the
incremental area be zerc at the first sampling point, regardiess of the
fluoride concentration at that time,

As is shown in Table C-4, all incremental areas were summed ta
obtain 59.4 mg*min/L, the total area under the slug-dose tracer test
curve. This number represents the total mass of fluoride that was
detected during the course of the tracer test divided by the average flow
rate through the clearweil.

To complete the conversion of siug-dose data to its equivalent
step-dose response requires two additional steps. The first involves
summing, consecutively, the incremental areas in the third column of Table
C-4 to obtain the cumulative area at the end of each sampling interval.
For example, the cumulative area at time, t = 27 minutes is found as
follows:

Cumulative area = 0 + 0 +0 + 0 + 3 + 10.2 + 10.8 + 5.4 + 5.7 + 3.6
s 38.7 mg-min/L

The cumulative areas for each interval are recorded in the fourth column
of Table C-4.

The final step in converting slug-dose data involves dividing the
cumulative area at each interval by the total area under the slug-dose
data curve. For time = 39 minutes, the resulting step-dose data point is
calculated as follows: :
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C/Co = 48.5 mg-min/L / 59.4 mg-min/L
= 0.83

The result of performing this operation at each sampling interval is the
equivalent step-dose data. These data points are shown in the fifth
column of Table C-4 and are also plotted on Figure C-3 to facilitate a
graphical determination of T .. A smooth curve was fitted to the step-dose
data as shown on the figure.

T,, can be determined by the methods illustrated previously in this
example for evaluating step-dose tracer test data. The graphical method
illustrated on Figure C-3 results in a reading of T, = 15 minutes.

C.1.7.3 Additional Considerations
In addition to determining T,, for use in CT calculations, slug-dose
tracer tests provide a more general measure of the basin's hydraulics in
terms of the fraction of tracer recovery. This number is representative
of short-circuiting and dead space in the unit resulting from poor
baffling conditions and density currents induced by the tracer chemical.
A low tracer recovery is generally indicative of inadequate hydraulics.
However, inadequate sampling in which peaks in tracer passage are not
measured will result in an under estimate of tracer recovery. The tracer
recovery is calculated by dividing the mass of fluoride detected by the
mass of fluoride dosed.
The dosed fluoride mass was calculated previously and was 434 grams.
The mass of detected fluoride can be calculated by multiplying the total
area under the slug-dose curve by the average flow, in appropriate units,
at the time of the test. The average flow in the clearwell during the
test was 2.5 mgd or §,570 L/min. Therefore, the mass of fluoride tracer
that was detected is calculated as follows:
Detected fluoride mass = total arez x averzge flow

« 594 mg-minx __lg x6,50 L
L 1000 mg min
= 390 ¢
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Tracer recovery is than calculated as follows:
Fluoride recovery = detected mass/dosed mass x 100
= 390 g 7 434 g x 100
=90 %
This is a typical tracer recovery percentage for a slug-dose test, based
on the experiences of Hudson (1975) and Thirumurthi (1969).

C.1.8 Flow Dependency of T,

For systems conducting tracer studies at four or more flows, the T
detention time should be determined by the above procedures for each of
the desired flows. The detention times should then be piotted versus
flow. For the example presented in the previous section, tracer studies
were conducted at additional flows of 1.1, 4.2, and 5.6 MGD. The LI
values at the various flows were:

Elow I
1.1 25
2.5 13
4.2 7
5.6 4

T,, data for these tracer studies were plotted as a function of the flow,
Q, as shown on Figure C-4,

If only one tracer test is performed, the flow rate for the tracer
study should be not less than 91 percent of the highest flow rate
experienced for the section. The hydraulic profile to be used for
calculating CT would then be generated by drawing a line through points
obtained by multiplying the T . at the tested flow rate by the ratio of the
tracer study flow rate to each of several different flows in the desired
flow range.

For the example presented in the previous section, the clearwelil
experiences a maximum flow at peak hourly conditions of 6.0 mgd. The
highest tested flow rate was 5.6 mgd, or 93 percent of the maximum flow.
Therefore, the detention time, T, = 4 minutes, determined by the tracer.
test at a flow rate of 5.6 mgd way be used to-provide & conservative
estimate of T, for all flow rates less than or equal to the maximum flow
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rate, 6.0 mgd. The line drawn through points found by multiplying T'° =
4 minutes by the ratio of 5.6 mgd to each of several flows less than 5.6
mgd is also shown on Figure C-4 for comparative purposes with the
hydraulic profile obtained from performing four tracer studies at
different flow rates.
C.2 Determination of T , Without Conducting a Tracer Stugdy

In some situations, conducting tracer studies for determining the
disinfectant contact time, T, may be impractical or prohibitively
expensive. The limitations may include a lack of funds, manpower or
equipment necessary to conduct the study. For these cases, the Primacy
Agency may ailow the use of “rule of thumb* fractions representing the
ratio of T, to T, and the theoretical detention time, to determine the
detenticn time, T,o, to be used for calculating CT values. This.method for
finding T, involves muitiplying the theoretical detention time by the rule
of thumb fraction, T /T, that is representative of the particular basin
configuration for which T, is desired. These fractions provide rough
estimates of the actual T, and are recommended to be used only on a
limited basis.

Tracer studies conducted by Marske and Boyle (1973) and Hudson
(1975) on chlorine contact chambers and flocculators/settling basins,
respectively, were used as a basis in determining representative To/T
values for various basin configurations. Marske and Boyle (1973) performed
tracer studies on 15 distinctly different types of full-scale chlorine
contact chambers to evaluate design characteristics that affect the actual
detention time. Hudson (1975) conducted 16 tracer tests on several
flocculation and settling basins at six water treatment plants to identify
the effect of flocculator baffling and settling basin inlet and outlet
design characteristics on the actual detention time.

C.2.1 Impact of Design Characteristics

The significant design characteristics include: length-to-width
ratio, the degree of baffling within the basins, and the effect of inlet
baffling and outlet weir configuration. These physical characteristics of
the contact basins affect their hydravlic efficiencies in terms of dead
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space, plug flow, and mixed flow proportions. The dead space zone of a
basin is basin volume through which no flow cccurs. The remaining volume
where flow occurs is comprised of plug flow and mixed flow zones. The
plug flow zone is the portion of the remaining volume in which no mixing
occurs in the direction of flow. The mixed flow zone is characterized by
complete mixing in the flow direction and is the complement to the plug
flow zone. All of these zones were identified in the studies for each
contact basin. Comparisons were then made between the basin configura-
tions and the observed flow conditions and design characteristics.

The ratio T /T was calculated from the data presented in the studies
and compared to its associated hydraulic flow characteristics, Both
studies resuited in T, /T values which ranged from 0.3 to 0.7. The results
of the studies indicate how basin baffling conditions can influence the
T.,/T ratio, particularly baffling at the inlet and outlet to the basin.
As the basin baffling conditions improved, higher T, /T values were
observed, with the outlet conditions generally having a greater impact
than the inlet conditions.

As discovered from the results of the tracer studies performed by
Marske and Boyle (1973) and Hudson (1975), the effectiveness of baffling
in achieving a high T /T fraction is more related to the gecmetry and
baffling of the basin than the function of the basin. For this reason,
T,o/T values may be defined for three levels of baffling conditions rather
than for particular types of contact basins. General guidelines were
developed relating the T /T values from these studies to the respective
baffling characteristics. These guidelines can be used to determine the
T, values for specific basins.

€.2.2 faffling Classifications

The purpose of baffling is to maximize utilization of basin volume,
increase the plug flow zone in the basin, and minimize short circuiting.
Some form of baffling at the inlet and outlet of the basins is used to
evenly distribute flow across the basin. Additional baffling may be
provided within the interior of the basin {intra-basin) in circumstances
requiring a greater degree of flow distribution. 1deal baffling design
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reduces the inlet and outlet flow velocities, distributes the water as
uniformly as practical over the cross section of the basin, minimizes
mixing with the water already i1n the basin, and prevents entering water
from short circuiting to the basin outlet as the result of wind or density
current effects. Three general classifications of baffling conditions --
poor, average, and superior -- were developed to categorize the resulits
of the tracer studies for use in determining T from the theoretical
detention time of a specific basin. The T /T fractions associated with
each degree of baffling are summarized in Table C-5. Factors representing
the ratio between T, and the theoretical detention time for plug flow 1n
pipelines and flow 1n a completely mixed chamber have been included in
Table C-5 for comparative purposes. However, in practice the theoretical
T,,/T values of 1.0 for plug flow and 0.1 for mixed flow are seldom
achieved because of the effect of dead space. Conversely, the T,,/T values
shown for the intermediate baffling conditions already incorporate the
effect of the dead space zone, as well as the plug flow zone, because they
were derived empirically rather than from theory.

As indicated in Table C-5, poor baffling conditions consist of an
unbaffled inlet and outlet with no intra-basin baffling. Average baffling
conditions consist of intra-basin baffling and either a baffied inlet or
outlet. Superior baffling conditions consist of at least a baffled inlet
and outlet, and possibly some intra-basin baffling to redistribute the
flow throughout the basin's cross-section.

The three basic types of basin inlet baffling configurations are:
a target-baffled pipe inlet, an overflow weir entrance, and a baffled
submerged orifice or port inlet. Typical intra-basin baffling structures
include: diffuser (perforated) walls; launders; cross, longitudinal, or
maze baffling to cause horizontal or vertical serpentine flow; and
longitudinal divider walls, which prevent mixing by increasing the
length-to-width ratio of the basin(s). Commonly used baffled outlet
structures include free-discharging weirs, such as sharpcrested and
V-notch, and submerged ports or weirs. Weirs that do not span the width
of the contact basin._such as Cipolleti weirs, should not be considered
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TABLE C-§

BAFFLING CLASSIFICATIONS
Baffting Condition 1.0 Baffling Description
Unbaffied (mixed flow) 0.1 None, agitated basin, very low length to
width ratio, high inlet and outlet flow
velocities
Poor 0.3 Single or muitiple unbaffied inlets and

outlets, rno intra-basin baffles

Average 0.5 Baffled inlet gr outlet with some intra-
basin baffles

Superior 0.7 Perforated inlet baffle, serpentine or
perforated intra-basin baffles, outlet weir
or perforated launders

Perfect (plug flow) 1.0 Very high length to width ratio (pipeline
flow), perforated inlet, outlet, and intra-
basin baffles



baffling as their use may substantially increase weir overflow rates and
the dead space zone of the basin.

C.2.3 Examples of Baffling

Examples of these levels of baffling conditions for rectangular and
circular basins are explained and illustrated in the following section.
Typical uses of various forms of baffled and unbaffied 1nlet and outlet
structures are also 11lustrated.

The plan and section of a rectangular basin with poor baffling con-
ditions, which can be attributed to the unbaffled inlet and outlet pipes,
1s 11lustrated on Figure C-5. The flow pattern shown in the plan view
indicates straight-through flow with dead space occurring in the regions
between the individual pipe inlets and outlets. The section view reveals
additional dead space from a vertical perspective in the upper inlet and
lower outlet corners of the contact basin. Vertical mixing also occurs
as bottom density currents induce a counter-clockwise flow in the upper
water layers.

The inlet flow distribution is markedly improved by the addition of
an inlet diffuser wall and intra-basin baffling as shown on Figure C-6.
However, only average baffling conditions are achieved for the basin as
a whole because of the inadequate outlet structure -- a Cipolleti weir.
The width of the weir is short in comparison with the width of the basin.
Consequently, dead space exists in the corners of the basin, as shown by
the plan view. In addition, the small weir width causes a high weir
overflow rate, which results in short circuiting in the center of the
basin.

Superior baffling conditions are exemplified by the flow pattern and
physical characteristics of the basin shown on Figure C-7. The inlet to
the basin consists of submerged, target-baffled ports. This inlet design
serves to reduce the velocity of the incoming water and distribute it
uniformly throughout the basin's cross-section. The ocutiet structure is
2 sharpcrested weir which extends for the entire width of the contact
basin. This type of outlet structure will reduce short circuiting and
decrease the dead space fraction of the basin, although the overflow weir
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does create some dead space at the lower corners of the effluent end.
These inlet and outlet structures are by themselves sufficient to attain
superior baffling conditions; however, maze-type intra-basin baffling was
included as an example of how this type of baffling aids in flow
redistribution within a contact basin.

The plan and section of a circular basin with pgor baffling
conditions, which can be attributed to flow short circuiting from the
center feed well directly to the effluent trough is shown on Figure C-8.
Short circuiting occurs in spite of the outlet weir configuration because
the center feed inlet is not baffled. The inlet flow distribution is
improved somewhat cn Figure C-9 by the addition of an annular ring baffle
at the inlet which causes the initet flow to be distributed throughout a
greater portion of the basin's available volume. However, the baffling
conditions in this contact basin are only average because the inlet center
feed arrangement does not entirely prevent short circuiting through the
upper levels of the basin.

Superior baffling conditions are attained in the basin configuration
shown on Figure C-10 through the addition of a perforated inlet baffle and
submerged orifice outlet ports. As indicated by the flow pattern, more
of the basin's volume is utilized due to uniform flow distribution created
by the perforated baffle. Short circuiting is also minimized because only
a small portion of flow passes directly through the perforated baffle wall
from the inlet to the outlet ports.

C.2.4 Additional Consyderatjons

Flocculation basins and ozone contactors represent water treatment
processes with slightly different characteristics from those presented in
Figures C-5 through C-10 because of the additional effects of mechanical
agitation and mixing from ozone addition, respectively. Studies by Hudson
(1975) indicated that a single-compartment flocculator had a T, /T value
less than 0.3, corresponding to a dead space zone of about 20 percent and
a very high mixed flow zone of greater than 90 percent. In this study,
two four-compartment flocculators, one with and the other without
mechanical agitation, exhibited T /T values in the range of 0.5 to 0.7.
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This observation indicates that not only will compartmentation result in
higher T, /T values through better flow distribution, but alsoc that the
effects of agitation intensity on TlojT are reduced where sufficient
baffling exists. Therefore, regardless of the extent of agitation,
baffled flocculation basins with tws or more compartments should be
considered to possess average baffling conditions (T,,/T = 0.5), whereas
unbaffled, single-compartment flocculation basins are characteristic of
poor baffling conditions (T,,/T = 0.3).

Similarly, multiple stage ozone contactors are baffled contact
basins which show characteristics of average baffling conditions. Single
stage ozone contactors should be considered as being poorly baffled.
However, circular, turbine ozone contactors may exhibit flow distribution
characteristics which approach those of completely mixed basins, with a
T,/7 of 0.1, as a result of the intense mixing.

In many cases, settling basins are directly connected to the
flocculators. Data from Hudson (1975) indicates that poor baffling
conditions at the flocculator/settliing basin interface can result in
backmixing from the settling basin to the flocculator. Therefore,
settling basins that have integrated flocculators without effective inlet
baffling should be considered as poorly baffled, with a T /T of 0.3,
regardless of the outlet conditions, unless intra-basin baffling is
employed to redistribute flow. If intra-basin and outlet baffling is
utilized, then the baffling conditions should be considered average with
aT,/Tof 0.5,

Filters are special treatment units because their design and
function is dependent on flow distribution that {s completely uniform.
Except for a small portion of flow which shortcircuits the filter media
by channeling along the walls of the filter, filter media baffling
provides a high percentage of flow uniformity and can be considered
superior baffling conditions for the purpose of determining T,,. As such,
the T, value can be obtained by subtracting the volume of the filter media,
support gravel, and underdrains from the total volume and calculating the
theoretical detention time by dividing this volume by the flow through the
filter. The theoretical detention time is then multiplied by a factor of
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0.7, corresponding to superior baffling conditions, to determine the T
value.

C.2.5 Conclusions

The recommended T, /T values and examples are presented as a
guideline for use by the Primacy Agency in determining T, values in site
specific conditions and when tracer studies cannot be performed because
of practical considerations. Selection of TN/T values in the absence of
tracer studies was restricted to a qualitative assessment based on
currently available data for the relationship between basin baffling
conditions and their associated T, /T values. Conditions which are
combinations or variations of the above examples may exist and warrant
the use of intermediate T, /T values such as 0.4 or 0.6. As more data on
tracer studies become available, specifically correlations between other
physical characteristics of basins and the flow distribution efficiency
parameters, further refinements to the T /T fractions and definitions of
baffling conditions may be apnropriate.
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&PPENDIXC @

CLONCEMTRATING, PPQCESSING
PETECTING AND IDENTIFYING GIAPNIA CYSTS TN WATER

HETHOD

Memhrane Filtration

Celluinsic
(47mm-0.45um)

Pniycarhinate
12Q2mm-5,um)

Particulate Filtration
{d7atomaceous earth, sand,
etc.)

Algaer (Foerst) Centrifuge

Anionic and Cationic
Exchangae Resins

Epoxy-Fiherglass Balston
Tube Filters
‘Um

Mirroporous Yarnwnvan Depth,

THVESTIGATOR (S)

Filters
{7 and 1um orlon and

polyproiviens)

Pellican Cassette Svstem

Filterwashing Apparatus

fhang and Kabler
USPHS, 1956

Pyper, DuFrain and Henry Eng
1982, {unpublished)

Shaw et al, 1977
Juranek, 1979

Holman et al, 1983
DHHS, Washington

Brewer, Wright State UN.
(unpudlished)

Riggs, CDHS Lab, Berkley, CA
{unpublished)

Jakubowski, Erickson, 1979 and

1980, EPA-Cincinnati

Millipore Corp,
(unpublished)

Duwalle, U. of Wash,, 1982
(unpublished)

TABLE 1

RESULTS

Generally unsuccessful

Passing 1 gal/min at
19 PSI. 15-1800 gal
total

Generaliy good removil
but poor eluation

Good rapid recovery,
hut limited in field
use

Generally unsuccessful

Overall recovery 20-80
percent,

Recovery 3-15 percent
Extraction ave. 58
percent

May be useful for
processing filter
washings

Claims 75 percent

recovery from orion
filters
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APPENDIX C:  CONCENTRATING, PRACESSING,
DETECTING AND IDENTIFYING GIARDIA CYSTS IN WATER

1.

2-

c2)

PRIMARY COMCENTRATIOM AND PPOCESSTNG METHANS

MEM3RANE FILTER {(MF) METHODS

felulosic {mixed esters of cellulose)

1. Chana and Kabler #n 1955
First to use MF for cyst recoverv, Recovered 20-42 percent at cyst
concentration of 3, 5, and 10 cyst/aal. - na cvst found at
1 cyst/gal.

(28]

Hathad was used in 1565 Colorado cuthreak (Mnore, et al, 1963) using
? liter size water samples from 10 sites. Mo cysts were detected.
Use n¥ cellulosic filters have generally not Seen successful in
demonstrating cysts in drinking water,

Pnlycarhanate (PC) Filters

1.  Luchtel and Colleaqes in 1980 used 293 mm, 5.0 um pore size
nucleooere (PC) filters to concentrate formalin-fixed. G. Tamblia
cvsts from 20 L <ap water samples. Recovery rates of approximately
75 parcent were reported. )

o

Pyper of DuFrain and Henry Engineers claim good recovery with same
nucleopore filter at a flow rate of 1 gal./min., not over 13 P3I,
passing 15-1800 gal. in just over 24 hours.

Even with these claims by Pyper and Luchtel, the !NF ltethod has only once
{Aspen, 19A5) been successful in demonstrating cysts in water--orobably
because:

1. Inawility to process a sufficient volume.

2. Inahility to remove rysts from filter,

3. Cysts weren't present at time of sampling during or after outbreak.

PARTICULATF FTLTRATION

SAMD . CDC (Shaw, 1977) used high-vol filtration thrcugh swimming poo!
sand filter (280,000 gal. total over 10 days) - was dackflushet into 55
gal. drums and coagulated w/alum. Concentration fed to beagle puppies
and after treatment (rheesecloth %0 wire screening to 30 un WF to
centrifuge) was examined microscopically. First time cysis observed in
water supnly after concentration,

n{atomaceous earth (NE) - CDC {Juranek, 1979) used DE to remove cysts
Fro~ seaded water, VProblam was that cysts coul“n’t be removed fron OE
particles. Brewer (1983) claims 5.2-31.1 pe-cent recovery from OE
backwash. Retention through 3 forms {celit: 505, HyFlo-Supercel and
celite 5A0) at cyst concentration ranging ¢rom 6-16,000 cyst/L. Recovery
range hetwenn 66-100 percent,




APPCNDIX 2: CONCENTRATING, PROCESSING,
DETECTING ANM IDEHNTIFYING GIARPIA CYSTS IN WATER

3. ALGAE CENTRIFUGE

a. ¥as found to recover more cysts (10X) than a series of MF-filters and
nylon screens: 5 vs, 1 day hy MF.
h. Mav he imnractical in field because of power requirement.

c. If used in Yab, 1 large single sample collected in the field could miss
cvst.

A, May find application for concentration cvsts from orlon filter washings.

A, ANTONIC AND CATINNIC EXCHANGE RESINS (Brewer - unpublished)

a. Rased on hypothesis that cysts could be attracted to charged surfaces,
cysts have a chargs of approximately 25mV at pH 5.5 which increases in
electro-negativity as the pH rises to 8.0.

h., Charga attraction techniques have been used for concentration of hoth
bacteria and viruses in water,

¢. Five exchange resins were tested:
(1. 80 percent recovery from anionic Dowex 1-XY columns
(2. 3B percent recovery from cationic Dowex 50W-X8 columns

d. Compared to parallel tests w/diatomaceous earth, exchange resins less
efficient in retention.

5.  BALSTON EPOVY-FIBERGLASS TUBE FILTERS

a. Riggs of CSHD, Viral and Rick. Lab., can filter %00 gatlons drinking
water thry 10" - 8 um Balston tube €ilter.

h. Backflushes w/1 L 3 percent beef extract or solution of 0.5 percent
potassiun citrate,

c. Concentration is centrifuged w/40 percent potassium citrate and middle
layer filtered thru 5 u polycarbonate filters.

4. Uses A{rect {mmunofluorescence antibody technique for detection and
fdentification.

e. Claims 20-80 percent efficiancy in collection, oreprocessing and ID.

MICROPOPOUS YARNYOVEN NEPTH FILTERS

a. In 1975 EPA develooed a concentration-extraction method {nvolving large
volumes of water thru mfcroporous yarnwoven orlon-fider filters.

b. This method has been tenatively adopted as the "method of choice" for
concentrating cysts from water suoplies. (
3



ApeENNIX C:  FONCENTRATINA, PROCESSIMG,
NETECTING AND TNENTIFYING GIARNIA CYSTS IN WATER

e.

Since initia)l studies which shaw2d onlv 3-15 percent recovery with a mean
of 6.3 percent and a 58 percent extraction rate, several chang2s have been
made which may have increased the retention rate to »>20 percent.

. Gone from 7 to 1 um porsity filter

Limited the ra*e of flow to 1/2 gallon/min

Limited the pressure head to 10 PSI

Have gone to polyproylane filters in Yieu of orlon

£ (P e

It was the first methodi successfully used to detect cysts in the
distribution system of a community water supply.

Is the recommended filter to he used hy the EPA consensus method.

7.  PELLICAN CASSETTE SYSTFEH

a.

Is a plate and frame style holder which accepts both ultra thin and depth
tvpe filters,

Has from 0.5 to 25 ft2 of filter area.

Has not been investigated thoroughly but has had some success in virus
concentration.

Its main application for cyst recovery may lay with the processing of
filter washings.

8.  FILTERWASHING APPARATUS

a. This is a proposed device by Dulialle, 1982 from U. of W., for unwinding
the fibers from the filter cartridge while repeatedly brushing and
squeezing them while in a bath solution.

b. B8ath could contain efther a surfactant or pH controlled solution,

c. Potential claims are as high as 75‘percent extraction of cysts from the
fibers.

TABLE 2: DETECTION METHODS
METHNN INVESTIGATOR(S) RESULTS
1. Immunofluorescence Riggs, CSDHS Lab, Berkley, CA  Good prep.,
a. kA 1983 Cross Rx
b, IFA Sauch, EPA-Cincinnati Sti11 under study
Riggs, CSDS
¢. Monoclonal Antfbodies Riqas, CSDHS St11 under study
Sauch, EPA-Cincinnati
(unpuhlishacd)
2, ELISA wathnd Hungar, J. Hopkins MD, 1983 Feces samples only

4)

3. Brignhtfield/Phase Cont-as: EPA Consensus method Ongoing




APPENDIX C: COMCENTRATING, POOCESSING,
NETECTING AMD IDENTIFYING GIARDIA CYSTS IN WATER

NETECT INM METHODS

1.a., NIRECT FLUORESCENT ANTIBODY (DRA) TECHNTQUE

1. Riggs has oroduced a high titer purified immune sera to Giardia lamblia
cysts in guinea pigs and laheled it with Fluorecein isothfo cyanate. Sera
is purified thru NHg0H and DEAE sefadex fractionation,

2. Obtained cross reactfons with Chilonastix mesnili cysts but claims it can
be easily distinguished from Giardia by Tts smaller size.

1.b. INDIRECT FLUORESCENT ANTIBODY (IFA) TECHNIQUE

1. Sauch using IFA with immune sera from rabbits (unourified). It §s reactad
with commercially available fluorescent-labeled foat anti-rabbit gamma
glohulin,

2. Some cross-reactions with certain algal cells.

1l.c. MNNOCLOMAL ANTIRODIES

1. Using clones of hybridoma cell 1ines obtained by fusing mouse myeloma
cells with snleen cells from mice (BALB/c) immunized with G. lamblia
troohozoites.

2. Produced eight monoclonal antibodies evaluated by IFA against both trophs
and cysts.,
a. 3/8 stained the ven“ral disk
b. 2 stained the nuclrf{
€¢. 2 stained cytoplasmic granules
d. 2 stained membrane comnonants
3. Variability in sta‘ning mayv be due tg differences in stages of encystment.

4, Preliminary resylts indizate nonoclonal A8s may give rapid and specific 1D
n* cysts.

5. Rx may be too specific, not reacting with a1l human forms of G. lamblia
may have to go to polyclonal ASs,

2. ELISA *€THOD

a. Hungar at John Hopkins (unpublished) has produced a detection method by
ELISA using a {ntact “sandwich” technique in 26-wel) microtiter plates.

h. Using antisera from 2 d4ifferent animals (may present problem).

c. MNead a minimum of 12 cysts/well for color Rx.

(cs
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APPENDIX D
ANALYTICAL REQUIREMENTS

Cnly the analytical method(s) specified in the SWIR, or otherwise ap-
proved by EPA, may be used to demonstrate compliance with the requirements of
the SWIR. Measurements of pH, temperature, turbidity, and residual disinfec-
tant concentrations must be conducted by a party approved by the Praimacy
Agency. Measurements for total coliforms, fecal colifomms, and heterotrophic
bacteria as measured by the heterotrophic plate count (HPC), must be conducted
by a laboratory certified by the Primacy Agency or EFA to do such analysas.
Until laboratory certification crateria are developed for the analysis of HPC
and fecal coliforms, any laboratory certified for total coliform analysis 1s
acceptable for HPC and fecal coliform analysis. The test methods to be used
for various analyses are listed below:

{1) Fecal coliform concentration - Method 908C (MPN Procedure), 906D
(Estimation of Bacterial Density), or 909C (Membrane Filter Proce-
dure) as set forth i1n Standard Methods for the Examination of Water
and Wastewater, American Public Health Assocaation, 16th edition.

(2) Total coliform concentration -~ Methods 908A, B, D (MPN Procedure) or
909A, B (Membrane Filter Procedure) as set forth in Standard Methods
for the Examination of Water and Wastewater, American Public Health
Association, 16th edition; Autoanalysis Colilert (EPA refers to this
as Minimal Medium ONPG-MUG Method), as set forth in Applied and
Environmental Microbiclogy, American Socaety for Microbiology,
volume 54, No. 6, June 1988. pp. 1595-1601.

(3) Heterotorphic Plate Count - Method 907A (Pour Plate Method), as set
forth in Standard Methods for the Examination of Water and Waste-
water, American Public Health Association, 16th edation.

(4) Turbidity ~ Method 214R (Nephelcmetric Method) as set forth in
Standard Methods for the Examination of Water and Wastewater,
American Public Health Association, 16th edition.

(5) Residual disinfectant concentration - Residual disinfectant concen-
trations for free chlorine and combined chlorine must be measured by
Method 40BC (Amperometric Titration Method), Method 408D (DPD
Perrous Titrimetric Method), Method 408E (DPD Colormetric Method),
or Method 408F (Leuco Crystal Violet Method) as set forth in Stan-
dard Methods for the Examination of Water and Wastewater, American
Public Health Association, léth edition. Disinfectant residuals for
free chlorine and combined chlorine may also be measured by using
DPD colorimetric test kits 4if approved by the Primacy Agency.

D-1



(6)

(N

Disinfectant residuals for ozone must be measured by the Indigo Tri-
sulfonate Method (Bader, H., Hoigne, J., “Determination of Ozone 1in
Water by the Indigo Method: A Submitted Standard Method;" Ozone
Science and Engineering, Vol. 4, pp. 169-176, Pergamon Press Ltd.,
1982), or automated methods which are calibrated in reference to the
results obtained by the Indigo Trisulfonate Method, on a regular
basis, as determined by the Pramacy Agency. This method is de-
scribed in section of the manual. (Note: This method is included in
the 17th edition of Standard Methods for the Examination of Water
and Wastewater, American Public Health Assocaation; the Idiodometric
Method in the l6th edition may not be used.) Disinfectant residuals
for chlorine dioxide must be measured by Method 410B (Amperometric
Method) or Method 410C (DPD Method) as set forth in Standard Methods
for the Examination of Water and Wastewater, American Public Health
Association, 16th edition.

Temperature - Method 212 as set forth in Standard Methods for the
Examination of Water and Wastewater, Ameracan Public Health Asso~
ciation, 1l6th edation.

pH - Method 423 as set forth in Standard Methods for the Examination
of Water and Wastewater, American Public Health Association, 16th

edition.

References
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Simultaneous Enumeration of Total Coliforms and Escherichia Coli from Drinking

Water:
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PREFACE

The AWWA paper entitled "A survey of the current status of residual
disinfectant measurement method for all chlorine species and oczone™ will be
included in the final document. It h-a-s‘%ibm included here (ST CHESEXn=UY
bewrrry. However, the publication 1s available from the AWWA Customer Ser-
vices Department, 6666 W. Quincy Avenue, Denver, Co. 80235; Telephcne (303}
794-7711. The document publication number is 90529.

The above publication summarizes the AWWA Research foundation's 816 page
publication entitled " Disinfectant Residual Measurement Methods”, publication

number 90528. This document 1s also available from the customer gervices
department listed above,
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FOREXORD

This renort is gart of 2%e 0n-going ras2arch program of the AWWA Researcn
Feunaation, The reszarch described in the following pages was funged by
the Foundaticon 1n benalf of its mempers and subscridbers 10 parstcular and
the water suoply industry in generai. Selectad for funaing by AWWARF's
Board of Trustaes, the project was identified as a pracsic2), prigrity nead
of the inaustry. {t fs hoped that this puolication will raczive wide and
S3rigus atlantion and that its findings, conclusions, and recommendations
will be applied in communities throughout the Unitad Stat3s ana Canada.

The Resaarch Foundation was craated by the water suoply industry as its
centar for cooperative research and development, Tne Foundation 1tsalf
does not conduct rasaarch; 1t functions as a planning and management
agency, awarging contracts to other iastitutions, such as watar utilities,
universities, eaginesring firms, and other organizations. The scieatific
and tachnical expertise of the staff is further ennznced by ingustry
volunteers who sarve on Project Advisory Committass and on other standing
committass and councils. - An extansive planning procass .avolves many
hundreds of watzr profassionals in the important task of keaeging the
Foundation's pragram rasponsive t> the practical, operational neads of
local utilities and to the gereral reseirch and develocment neeas of a
pragressive industry.

A1l aspects of watar supply ara sarved by AWWARF's reseirch agenaa:
resourcas, tre2atment and operaticns, distripution and starage, watar
quality and analysis, economics and management. The ultimata purposa of
his effors is to assist local watzr suopliers to provida the hignest
pessible quality of water, ezcngmically and raliably. The foundation's
Trustaes are pleeseq tc offer this publication as cantribution toward that
end.

This projest reviewed all disinfectant residual measurement methods ror
free cnlorine, chloramines, gzone and chlorine dioxida with special
dttention ta fnrarfereacas taat could be experienced by tre water utility
industry. Reccmmendationg, practical cutdanca, and c2utions on the
selection of acoropriata residual measurament taechniques are summarized
(Please sa= Praface for {afarmation on full resort).

|
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"Cme 8. alloert <::Egyes F. Aanwaring, P.c.
airman, 3gard of Trystess Tiecutive Qirectar
Ad4A Resazrsn Foundacion AWWA Resaarch Foundation
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PREFACE

Tnis document surmarizes the AWWA Resaarch Foundation's 815 paqe
puplication “Disinrfactant Resiqual Messurement Methods.” That
puclication (Publication Numper 20528) can be ordered from the AWWA
Customer Servicas Department, 6666 W. Quincy Aveaue, Qeaver, (3 8023S;
teleshona, (3Q03) 794-7711,

Tne purpose of this summary document is to provide the watar utility
Taboratory analyst with guidance in selecting disinfectant rasidual
measurament methods. Sither this document or the full resort §s
reccmmended &S & companion to Stancard Methods for the Examination of
Watar and Wastewater,
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EXECUTIVE STRMMARY

BACKGROUND

The objective of this Report is to review and summarize all disinfectant re-
sidual measurement techniques currently available for free chlorine (along with
the varjous chloramines), combined chlorine, chlorite fon, chlorine dioxide,
chlorate {on, and ozone.

Presently, both chlorine dioxide and ozone are gaining considerable faver as
alternatives ro chlorine disinfection {1). The analytical chemistry for these
disinfectants when compared with chlorine is even more complex and less readily
understood as evidenced by variocus surveys (2-5) and detailed research carried
out in various laboracories (6-10).

Chlorine dioxide {s manufactured at the site of its use by reactions involv-
ing sodium chlorite, chlorate ion, chlorine gas and/or hypochlorite ion and sul-
furic acid or hydrochloric acid (11-12). Consequently, chlorate ion, chlorice
fon, hvpochlorite ion and/or hypochlorous acid frequently will be found occcur-
ring as by-products or unreacted starting materials. These marerials are strong
oxidizing agents which are very reactive and behave {n many ways simpilar to
chlorine dioxide itself.

There are more than 2,000 water treatment plants today using ozone, and less
than half of them are applying ozone solely for disinfection. The large major-
ity of water treatment plants use ozone as a chemical oxidant. Many of the
plants applying ozone for disinfection also are using ozone, in the saze plant,

for chemical oxidation. Analyses for residual ozone in water are applicable
only in the treatment plant, either {in the ozone contactor(s) or at cthelr
outlets. Residual ozone is never present in the distribution system; however,

its by-products may be.

There have been numerocus acttempts to evaluate the relative advantages and
disadvantages associatad with the measurement of free and combined chlorine.
Different criteria are frequently used for the evaluation of the analytical
measuremencs and often suggestions for the improvement of test procedures have
gone largely {gnored. No comprehensive and objective review of the 1literature
appears to be available. This Report is aimed at providing such a review aleng
with guidance and recommendations as to what criteria water utilitles should use
in selecting residual monitoring techniques based on circumstances by category.

OBJECTIVES

1. To reviev and suzmarize all residual measurement techniques
currently available for free chlorine--taking inte account
the roles of chloramines.

2. To reviev and summarize all residual measurement techniques
currencly available for combined chlerine.



3. To briefly review the present understanding of the chlorine-
amnonia chemistry and in particular, in relationship to the
measurement of chlorine and combined chlorine.

4. To review and summarize all res{dual measurement technigues
currently available for chlorine dioxide, chlorite ion and
chlorate {on.

S. To review and summarize the analyzical procedures currently
used by operating water utilities to control ozone treatment
processes, considering disinfection as well as the many oxid-
ative applications of ozone in water treatment applications.

6. To discuss common interferences associated with the measurement
of sach of the disinfectants/oxidants described above (free
chlorine, combined chlorine, chlorite ion, chlorina dioxide,
chlorate ion, and ozona).

7. To provide guidance and recommendation for water utilities in
selecting residual monitoring techniques for each of the above
disinfeccants/oxidants.

8. To recommend future research for develcpment of monitoring and
analytical methods to improve accuracy, and reduce time and cost
requirements for the measurement of the above disinfectants.

In the full report, wa present as complete as possible an examination of the
world-wide body of literature on analytical methods used by the water uctility
industry {n order to elaborate on the various problems, advantages, disadvan-
tages and known interferences for each of the currently used analycical methods.

Foremost in cur objectives has been a better understanding of the relfabil-
ity of various measurements which have been carried out. Since there are {nher-
ent limitations {n all measurements, it becomes apparant that there are specific
needs for some indication of the reliability of the result, [.e., what is the
precision and accuracy of the reported valus, and are these acceptable?

The volatility of most of the disinfectants makes sampling and sample
handling a major contributor to impreclsion and inaccuracies. *Standard
additions" is a questionable technique; it should be avoided if possible, since
the pipetting and dllution process causes potentfal loss of disinfectant.

The relative usefulness of each methed, along with descriptions of known
{nterferences such as turbidity, organic matter, ionic materials, solids, color,
buffering capacity, as well as the nature of the sample and the time between
collaction of the sample and the actual analysis, are described in this report.
It must be eaphasized, however, that almost {nvariably each of the mechods
described is based 6n the total oxidizing capacity of the solution being
analyzed and {s readily subject to interferences from the presence of other
potential oxidizing agents and/or intermediates £from conconitant chemical
reasctions. Under 1ideal econditions some of the methods are accurate to becter



than fl1%--especially in the absence of common interferences--whereas other
methods are almost semi-quantitative {in mnature with many common species
interfering with both the precision and accuracy of the measurements.

We have also included chlorate fon as a residual species in chat only
Tecently have reliable analytical wethods begun to appear in the literature
(5.6,10). . We also report on the chemistry of the chlorine-ammonia system and
the associated breakpoint reactions, because one of the most common inteferences
in the measurement of free chlorine is monochloranmine.

The most important development for this report has been the decision to in-
clude a preliminary section describing an “i{dealized” analytical method. The
need for this section became apparent as our writing progressed describing each
of the analytical methods for chlorine. Specific items included in this "i{deal-
ized® method are accuracy, precision, reproduciblity, lack of interferences,
ease of use of the method, lack of false positive values, and so forth.

The benefit of the "idealized" analytical method {s to allow individual com-
parisons and to allow the choice between various methods based on individual
method shortcomings. For example, a particular method might have as {ts only
difficulty interference by manganese and iron. In many circumstances, this type
of interference might be a major problem. However, should the water supply
under consideration not have any manganese or iron, it {s quite likely that the
method might be very usable--and as a matter of fact well wmight be che bestc
method of choice.

In other cases, speed of analysis rather than potential interferences (or
choice of some other important characteristic) might be the guiding factor in
choosing an analytical mechod. In this way rational choices can be made based
on potential and/or real difficulties and/or interferences and as compared to an
*idealized” methed -- rather than a possibly controversial existing method.

Table I has been constructed as a quick reference guide to the available
mechods for the deternmination of water disinfection chemicals and byproducts.
Included are pertinent analytical characteristics ,such as decrection ligmits,
working range, interferences, accuracy and precision estimates. The current
gtatus of the mechod, ss gleaned from this report, 1is given. The necessary
operator skill 1level is given to aid the laboratory manager in assessing the
manpover requirements for a particular wmathod. Additional information
concerning the reasons for the current status is contained in the Recommendarion
Section of the Executive Summary and the complete report.

As each of the methods is described in decail {n the full report, specific
conclusions are drawn--along with appropriate recommendations--by comparing the
method against the "idsalized" analytical method for that species.

One additf{onal benefit of this direct comparison is the possibility of add-
ing or subtracting a amethod to the list of Standayd Methods for the Examinacion
of Uacter and Wastewater (13), based on a rational set of eriteria. It should
also be possible in the future to decide on the viability of various methods
based on their meeting specific criteria racher than based only on comparisons
between analytical laboratories (and personalized subjective reactions to the
various methods themselves



TABLE 1. CHARACTERISTICS AND COMPARISONS OF ANALYTICAL METHODS®

Specles! DETECTION WORKING EXPECTED EXPECTED
TYPE OF TEST MEASURED LIMIT RANGE  ACCURACY PRECISION SKILL®
(METHOD)! DIRECTLY (mg/L) (mg/L} (2 v) (2 %) LEVEL
FREE CHLORINE
“Ideal® Cl, + HOC1/0C1" 0.001 0.001 - 10 0.5 0.1 1
UV/VISIBLE Cl, + HOCLl/0CL- ~1 1 -100 NR NR ]
Continuous Cl, + HOC1l/0Cl- 1.5 1.5 - 300 NR NR L)

AMPEROMETRIC TITRATION:

Forward €1, + HOCl/0Cl~  0.0018! > 10 NF NF 2
0.02 - 0.032 > 10 NF 3 - 50 2
Back Cl, + HOCls0Cl- 0.002 > 10 3 - 50 NF 2
Continuous Cl, + HOCl/0Cl- 0.005 > 10 NR 1.0 273
IODOMETRIC TITRATION:
Standard (Total Chlorine) 0.07? 0.1 -10 NR NR 2
0.35¢ 0.5 - 10 ¥R NR 2
DPD
FAS Tit'n Cl, + HOCl/0Cl~ 0.0043 0.01 - 10 NF 2 -7 1
0.011¢ 0.01 - 10 NF 2 -7 1
Color'mtre Cl, + HOCl/0C1~ 0.01% 0.01 -10 1t -15 1 - 14 1
Steadifac Cl, + HOCl/0Cl- 0.01% 0.01 - 10 NF NR 172
Lcv
Black and
Whiccle Cl, + KOCl/0C1~ 0.01 0.25 -3 NF NR 1
Whitcle &
Lapteff Cl, + HOCls0Cl® 0.01 0.25 - 10 NR 0-10 2



TABLE I.

CHARACTERISTICS (cont’d)

STABILITY FIELD CURRENT
REAGENT PRODUCTS  INTERFERENCES pH RANGE TEST  AUTOMATED STATUS
5 YRS > 1 DAY NONE Independent YES YES RECOMMENDED
NA NA ClNH, - Cl4§ pH Dependent NO NO RECOMMENDED
backgnd Abs (LAB TEST)
NA NA CINH, - C14,N pH Dependant NO YES CONT’D STUDY
1-2 yrs NA CINH, - Cl4N pH Dependent YES YES RECOMMENDED
1-2 yrs NA CINH, - Cl,N pH Dependent YES YES RECOMMENDED
1-2 yrs Na CINH; - Cl4N pH Dependent YES YES RECOMMENDED
1-2 yrs Na CINH, - Cl,N pH Dependent YES YES RECOMMENDED
lyr 10 min All oxidizing pH Dependent NO NO RECOMMENDED
or less species (LAB TEST)
lyr 10 min All oxidizing pH Dependant NO NOC RECOMMENDED
or less species (LAB TEST)
powder 30 min ClNH, - Cl4yN Requires RO NO RECOMMENDED
scable? oxid species buffer (LAB TEST)
powder 30 ain ClNH, ~ C1l,F Requires NO NO RECOMMENDED
stable® oxid speciss buffer (LAB TEST)
powder 30 ain ClNH, - Cl4N BRequires YES NO RECOMMENDED
scadble? oxid spscies buffer (FIELD TEST)
povder 30 min CINH, - Cl,R Hequires YES KO RECOMMENDED
stable® oxid speciss buffer (FIELD TEST)
months KR CINH, - Cl,N Requires YES no ABANDON
oxid species buffer
months NR Oxidizing Buffering YES NO RECOMMENDED
species (LAD TEST)



TABLE I. CHARACTERISTICS AND COMPARISONS OF ANALYTICAL METHODS® (cont’d)

Species!
TYPE OF TEST MEASURED
(METHOD)! DIRECTLY

FACTS

Coler‘metre Cl, + HOCl/QCl®
Spect'photo Cl, + HOCL/0C1l"
METHYL ORANGE Cl, + HOCl/0Cl~

0-TOLIDINE Cl, + HOCl/0Cl"
3,3’ -DIMETHYLNAFHTHIDINE

€1, + Mocl/ocl-

O-DIANISIDINE C1, + HOCl/0Cl”
CHEMILUMINESCENCE

Hydrogen

Paroxids Cl, + HOCl/0CL"

Luzinol ocL”

Lophine ocL”
ELECTRODE METHODS

Membrane HOCL
Bare-vize CQl1, ¢ HOCl/0CLl-
Potenc’stre Cl, ¢ HOCl/OCL"

Agl
Volt'atrc Cl, + HOCl/0C1"

DETECTION WORKING EXPECTED EXPECTED

LIMIT RANGE  ACCURACY PRECISION SKILL®
(mg/L) (mg/L) (tv) {(t») LEVEL
0.1 0.25 - 10 5-20 1 -11 1
0.012 0.05 - 10 NF NR 1

NR NR NR NR 2

NR NR NR NR 1
0.05 NR NR 2-6 2/3
0.1 NR NR NR 2/3

NR NR NR NR ]
0.0007 NR NR NR 3
0.14 0.2 - 20 ¥R NR 3
0.004 0.04 - 1 NR 1.6 k)
0.1 0.1 -3 NR 1-25 3
0.005 6.01 -1 1-6 7-10 2
0.01 0.1 -10 NR NR 3



TABLE 1. CHARACTERISTICS (cont‘d)

STABILITY FIELD CURRENT
REAGENT PRODUCTS  INTERFERENCES pH RANGE TEST  AUTOMATED STATUS

2 years’ 30 min Oxidizing Buffering YES NO RECOMMENDED
at high Cl., species critical
2 years” 30 min Oxidizing Buffering YES o] RECOMMENDED
at high C1, species critical
NF NF Oxidizing Buffering YES NO ABANDON
species requirad
NF NF Oxidizing Buffering YES NO ABANDON
species required
NF 15-20 min Oxidizing NR NO NO ABANDON
species
NF S5 min Oxidizing NR NO NO ABANDON
species
NR <l sec None Independent NO POSSIBLE ABANDON
NR <l sec Oxidizing pH Depsndant NO POSSIBLE CONI’'D STUDY
species
NR <1 sec None pH Dependent NO YES CONT'D STUDY
NA NA Oxidizing Dependent POSSIBLE POSSIBLE CONI'D STUDY
Gas spacies on pH
NA B Oxidizing NR POSSIBLE POSSIBLE CONT'D STUDY
species, Cl1°
3 sonths NA Oxidizing pH Dependent YES YES RECOMMENDED
species Cl1-
NA NA Oxidizing Buffer POSSIBLE POSSIBLE CONT'D STUDY

spocies, C1° required



TABLE I. CHARACTERISTICS AND COMPARISONS OF ANALYTICAL METHODS® (cont’d)

Spacies! DETECTION VWORKING EXPECTED EXPECTED
TYPE OF TEST MEASURED LT RANGE  ACCURACY PRECISION SKILL®
(METHOD)¢ DIRECTLY (=g/L) (mg/L) (ts) (£ ) LEVEL
TOTAL CHLORINE®
*Ideal” Ci, + HOCl/0C1-  0.001 0.001 - 10 ©.5 0.1 1

NH,C1 NHC1, NCl,

AMPEROMETRIC TITRATION:

Forvard €1, + HOCl/0C1~  0.0018} > 10 NF NF 2
NH,C1 NHCL, NC1,
Cl, + HOCL/0C1" 0.02 -0.037 > 10 NF 3 - 50 2
FH,Cl NHCL, NCl,
Back €1, + HOC1/0C1-  0.002 > 10 3.5 NF 2
NH,C1 NHCL, NC1,
Contimuous Cl, + HOCL/OC1-  0.005 > 10 MR 1.0 2/3
NH,C1 NHC1, NC1, —
IODOMETRIC TITRATION:
Standard  Cl, + HOCl/0Cl-  ©0.07° 0.1 -10 NR MR 2
NH,C1 NHC1, NCl,
Cl, + HOC1/0C1-  0.35% 0.5 - 100 NR MR 2
NH,Cl NHCl, NC1,
DED
FAS Tic'n Cl, + HOCl/OC1® 0,004 001 -10 NF 2.7 1
NH,Cl NHC1, NCI,
Cl, + HOCl/0C1"  0.11¢ 0.01 -10 NP 2.7 1
NH,C1 NHCl, NCl,
Color‘mtre Cl, + HOCL/OCl~ ©.001* ©0.01 -10 1-151 - 14 1
 NM,C1 HHCl, NCI,
'
Black &
Whittle Cl, + HOCl/0Cl~ 0.005 - 0.25 - 3 NF & - 10 1

NH,Cl NHC1, NCl,



TABLE 1.

CHARACTERISTICS (cont'd)

STABILITY FIELD CURRENT
REAGENT PRODUCTS INTERFERENCES pH RANGE TEST  AUTOMATED STATUS
5 YRS > 1 DAY NONE Independent YES YES RECOMMENDED
of pH
1 -2yrs NA Oxidizing pH Dependent YES YES RECOMMENDED
Species
1 -2yrs NAa Oxidizing pH Dependent YES YES RECOMMENDED
Species
1-2yrs Na oxidizing pH Depandent YES YES RECOMMENDED
Species
l1-2yrs HNA Oxidizing pH Dependent YES YES RECOMMENRDED
Species
1y 10 =min aAll oxidizing pH Dependent NO NO RECOMMENDED
species (LAB TEST)
1lyr 10 ain All oxidizing pH Dependent NO NO RECOMMENDED
apecies (LAS TEST)
powder 30 ain Oxidizing Ragquires NO RO RECOMMENDED
acable® Species buffar {LAB TEST)
prwder 30 ain Oxidizing Bequires YES NO RECQMMENDED
stable® Speciss buffer {FIELD TEST)
powdsr 30 min Oxidizing Requirses YES RO RECOMMENDED
stable® Species buffer (FIELD TEST)
months NR Oxidizing Requires  YES NO ABANDON
Species buffer



TABLE 1. CHARACTERISTICS AND COMPARISONS OF ANALYTICAL METHODS® (cont’d)

Species! DETECTION WORKING EXPECTED EXPECTED
TYPE OF TEST MEASURED LIMIT RANGE ACCURACY PRECISION SKILL®
(METHOD)! DIRECTLY (mg/L) (mg/L) (%) 0 LEVEL
Whitecle &
Lapteff Cl, + HOCL/O0C1- 0.0l 0.25 - 10 NF 4 - 10 2
NH,Cl NHCL, NC1,
FACTS
Color‘mtre Cl, + HOCl/0C1- 0.1 0.25 - 10 5-201-11 1
NH,Cl NHCl, NCl,
Spect’photo Cl, + HOCl/0Cl~  0.012 0.05 - 10 NF NR 1

NH,Cl NHCl, NC1,

ELECTRODE METHODS

Pot'mecrric Cl, + HOCl/0Cl~ 0.005 0.01 -1 1-6 7-10 2
NH,Cl NHCl, NC1,-

MONOCHLORAMINE®
°Ideal” NH,Cl 0.001 0.001 - 10 0.5 0.1 1
UV/VISIBLE NH,C1 -1 1 - 100 NR NR 3

AMPEROMETRIC TITRATION:

Forward Hi,Cl NR > 10 NF 0 -1 2

Back NH,C1 ¥R > 10 NF NF 2
DFD

FAS Tit’n NH,C1 KR 0.01 - 10 NF 2 -7 1

Color‘mtre NH,Cl NR 0.01 - 10 NF 575 1

10



TABLE I. CHARACTERISTICS (cont’d)
STABILITY FIELD CURRENT
REAGENT PRODUCTS INTERFERENCES pH RANGE TEST  AUTOMATED STATUS
nmonths NR Oxidizing Buffering YES NQ RECOMMENDEDD
Species (LAB TEST)
2 YRS 30 min Oxidizing Buffering YES NO RECOMMENDED
at high Species eritical
2 YRS 30 min Oxidizing Buffering YES NO RECOMMENDED
at high species cricvical
cl,
3 months NA Oxidizing pH Dependentc YES YES RECOMMENDED
Species, Cl-
S YRS > 1 DAY NONE Independent YES YES RECOMMENDED
NA NA Cl,NH - C1,N pH Dependent NO NO RECOMMENDED
backgnd Abs (LAB TEST)
1-2 yrs NA Cl,Md - C1,8 pH Depandent YES YES RECOMMENDED
1-2yrs  HA Cl,Ni - C1,N pH Dependent YES YES RECOMMENDED
povder 30 mfn CINH, - Cl,N Requiras NO WO RECOMMENDED
stable® oxid species buffer (LAB TEST)
powder 30 min 'CINH, - Cl,N Requires YES NO SRECOMMENDED
stable® oxid specias buffer {FIELD TEST)
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TABLE I. CHARACTERISTICS AND COMPARISONS OF ANALYTICAL METHODS® (conc’d)

Species! DETECTION WORKING EXPECTED EXPECTED
TYPE OF TEST MEASURED LIMIT RANGE ACCURACY PRECISION SKILL®
(METHOD) ¢ DIRECTLY (mg/L) (mg/L) (x %) (ty) LEVEL
LoV
Vhittle & NH,C1 NR 0.25 - 10 NF 0 - 43 2

Lapteff

ELECTRODE METHODS

Silver fodids

Voltammetrric NH,C1 NR 0.1 - 10 NR NR 3
DICHLORAMINE®

*Idsal” NHC1, 0.001 0.001 - 10 0.5 0.1 1

UV/VISIBLE NHC1, -1 1 - 100 KR §R 3

AMPERCMETRIC TITRATION:

Forvard NHC1, KR > 10 NF 0 2

Back NHC1, NR > 10 3-5 NF 2
DPD

FAS Tit'n RHC1, ] e.01 - 10 NF RF 1

Color‘mtre RC1, NR 0.01 - 10 RE 0-100 1
Lcv

Vhicele & BuCL, R 0.25-10 NF 10 - 150 2

Lapteff

12



TABLE 1.

CHARACTERISTICS (cont’d)

STABILITY FIELD CURRENT
REAGENT PRODUCTS INTERFERENCES pH RANGE TEST  AUTOMATED STATUS
wonths NR Oxidizing Requires YES NO RECOMMENDED

species buffer (LA3 TEST)
NA NA Oxidizing Requires POSSIBLE POSSIBLE CONT'D STUDY
species buffer
5 YRS > 1 DAY NONE Independent “YES YES * RECOMMENDED
of pH
NA NA C1NH, & C1,N pH Dependent NO NO RECOMMENDED
backgnd Abs (LAB TEST)
1-2 yrs  NA CINH, & Cl,N pH Dependenc YES YES RECOMMENDED
1-2 yrs NA ClNH, & C14,§ pH Dependent YES YES RECOMMENDED
pouder 30 min  CINH, & ClyN Requires NO NO RECOMMENDED
stable® oxid species buffer (LAR TEST)
powder 30 min CINH, & Cl,N Requires YES NO RECOMMENDED
stable® oxid species  buffer (FIELD TEST)
zonths NR Oxidizing Raquires YES NO RECOMMENDEDD
species buffer (LAB TEST)

13



TABLE I. CHARACTERISTICS AND COMPARISONS OF ANALYTICAL METHODS® (cont'd)

Species! DETECTION WORKING EXPECTED EXPECTED
TYPE OF TEST MEASURED LIMIT RANGE ACCURACY PRECISION SKILL®
(METHOD) DIRECTLY (sg/L)  (mg/L) (£ %) (¢ %)  LEVEL
TRICHLORAMINE®
*Ideal® NC1, 0.001 0.001 - 10 0.5 0.1 1
UV/VISIBLE NC1, NR NR ¥R NR 3

AMPEROMETRIC TITRATION:

Forward NCl, NR > 10 NF $ - 100 2
DPD
FAS Tit'n RC1, NR 0.01 - 10 NR ¥R 1
Color‘mtre RCl, NR 0.01 - 10 ¥R MR 1
Lcv
Whitcle & RCl, MR 0.25 - 10 NR ¥R 2
Lapteff

CHLORINE DIOXIDE

*Ideal® clo, 0.001 0.001-10 05 0.1 1
TODOMETRIC c1o, 0.002 0.002 -95 1-2 1-2 2
AMPEROMETRIC Cl0,1¢ 0.012 0.02-77 115 1-15 3
DPD C10,1%°%t 0,008 0.008-20 10 7-15 2
w
Manual clo, 0.05 0.05-300 S s 2
F1A clo, 0.2% 0.25 - 162 2 1 1

14



TABLE I.

CHARACTERISTICS (conc’d)

STABILITY FIELD CURRENT
REAGENT PRODUCTS  INTERFERENCES pH RANGE TEST  AUTOMATED STATUS
S YRS > 1 DAY NONE Indspendant YES YES RECOMMENDED
NA NA CINH, - Cl,NH pH Dependent NO NO RECOMMENDED
backgnd Abs (LAB TEST)
HOCl/QCL”
1-2 yra NA ClNd, - C1,NH pH Dapendent NO YES RECOMMENDED
: (LAB TEST)
povdar 30 min Cl1NH, - Cl,NH Raquires NO NO RECOMMENDED
stable? oxid species buffer {LAB TEST)
povder 30 ain CINH, - Cl4NH Requires YES NO RECOMMENDED
stable® oxid species buffer (LAB TEST)
months NR Oxidizing Requires YES NO RECOMMENDED
species buffer {(LAB TEST)
5 YRS > 1 DAY NONE Independent YES YES RECOMMENDED
1 YR Subject to Oxidizing 2-5 NO NO NOT RECOMMENDED
oxidation specias
good Subject to Mestal fons & 7 KO N0 CURRENTLY USED
oxidation nitrice fon
solid < 30 i Oxidizing 7 NO NO NOT RECOMMENDED
stable® spaciss
none none Othar UV Independent NO YES RECOMMENDED
absorbers {LAB TEST)
none none none Independent NO YES RECOMMENDED
(LAB TEST)

15



TABLE I. CHARACTERISTICS AND COMPARISONS OF ANALYTICAL METHODS® (cont’d)

Specias!
TYPE OF TEST MEASURED
(METHOD)! DIRECTLY
ACVK!? €10,
CHLOROPHENOL RED  Cl0,
o-TOLIDINE cla,
INDIGO BLUE Cl0,
CHEMILUMINESCENCE
Luzinol c10,
GDFIA? €10,
ELECTROCKENM.
Pt Microelec. Cl0, + Cl0,” -
Vie. Carbon c10,
Voltam. Mem. clo,
Rotating Vole.
Membrane cl1o,
CHLORITE 108
“Ideal” clo,”
AMPEROMETRIC
Iodometric €10,
I0DOMETRIC
Sequential €10,
Modified clo,"
DPD Cl0,"

DETECTION WORKING
LIMIT

{og/L)

EXPECTED EXPECTED
ACCURACY PRECISION -SKILL®
(€ )

0.04
0.003

c.1

0.01

0.3

0.005

32

0.23

0.30

0.001

0.05

0.011

o.01

16

0.005 - 24

S

0.001 - 10

NR

10

0.5

]



TABLE I.

CHARACTERISTICS (cont’d)

STABILITY FIELD CURRENT
REAGENT PRODUCTS  INTERFERENCES  pH RANGE TEST  AUTIOMATED STATUS
NR NR minimal 8.1 - 8.4 NO NO CONT'D STUDY
é months NR unknown 7 YES NO NOT RECOMMENDED
NR NR Oxidizing NR NO NO NOT RECOMMENDED
species
good good 0, C1, >4 NO NO NOT RECOMMENDED
1 DAY < 1 sec NR NR NO NO NOT RECOMMENDED
1 DAY <1 sec cl, > 12 NO YES RECOMMENDED
CONT’D STUDY
none none cl0," 5-3.5 NO NO CONT’D STUDY
none none Cl0," 3.5 -7 NO NO CONT'D STUDY
none none ROC1 7.8 NO NO CONT'D STUDY
none none HoCl S - 5.5 NO NO CONT'D STUDY
S5 YRS > 1 DAY NONE Indspendent  YES YES RECOMMENDED
1l YR Subject to Oxidizing 2 -5 NO NO NOT RECOMMENDED
oxidation species
goed Subjeact to Metal ions & 7 NO NO RECOMMENDED AT
oxidation oitite {on HICH CONC.
good Subject to Metal ions & 2 NO NO CONT'D STUDY
oxidation nitice ion
Solid < 30 ain Oxidizing 7 NO NO NOT RECOMMENDED
stable® species

17



TABLE 1. CHARACTERISTICS AND COMPARISONS OF ANALYTICAL METHODS® (cont'd}

Speciest DETECTION WORKING EXPECTED EXPECTED
TYPE OF TEST MEASURED LIMIT RANGE  ACCURACY PRECISION SKILL®
(METHOD)! DIRECTLY (mg/L)  (mg/L) (v (£y)  LEVEL
CHLORATE ION
*Ideal® €10," 0.001 0.001 - 10 0.5 0.1 1
IODOMETRIC
Sequential C104° 0.064 >1 2 2.5 3
Modified- c10," 0.3 0.3 - 20 1 1.1 3
FIA 104" 0.08 0.08 - 0.8 3.5 1 2
DPD C10,” 0.01 001 -10 5 5 2
0ZONE
*ldeal® o, 0.01 0.01 - 10 0.5 0.1 1
IODOMETRIC 0, 0.002 0.5 -100 1-35 1-2 2
ARSENIC BACK
TITRATION 0, 0.002 0.5-65 1.5 1-2 2
FACTS 0, 0.02 0.5-5 5-20 1-5 2
DPD 0, 0.1 0.2 -2 5-20 5 2
INDIGO
Spect’phote - O, 0.001 0.01 - .1 1 0.5 1
0.006 0.05 - .5 1 0.5 1
0.1 > 0.3 1 0.5 1
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TABLE I.

CHARACTERISTICS (conr*d)

STABILITY FIELD CURRENT
REAGENT PRODUCTS  INTERFERENCES pH RANGE TEST  AUTOMATED STATUS
S5 YRS > 1 DAY NONE Independsnt  YES YES RECOMMENDED
good Subject to Metal ions & 7 NO NO RECOMMENDED AT
oxidation nitrite ion HIGH CONC.
good Subject to Metal ions & 2 NO NO CONT’'D STUDY
oxidation nitrite ion
1 year 1 day Oxidizing <1 NO YES  USED AFTER ALL
species €10, Cl0,~ CONE
Solid < 30 min Oxidizing ? NO NO NOT RECOMMENDED
stable* species
5 YRS > 1 DAY NONE Independent  YES YES RECOMMENDED
1 ¥R subject to All ozone <2 NO NO ABANDOR
oxidation by products
and oxidants
1 YR subject to Oxidizing 6.8 RO NO CONT'D STUDY
ox{dation species
2 YRS no fading Oxidizing 6.6 NO NO NOT RECOMMENDED
first S ain species
Solid < 30 ain Oxidizing 6.4 NO KO NOT RECOMMENDED
stable* spacies
good good Cl,, Mn lons 2 NO YES RECOMMENDED
. Bry 1,
good ‘ good Cl,, Mn fons 2 KO YES RECOMMENDED
Br, 1,
good good Cl,, Mn {ons 2 NO -YES RECOMMENDED
Bry, 1,

19



TABLE 1.

TYPE OF TEST
(METHOD)!

INDIGO (cont’d)

Visual

GDFIA

v

ACVK

©0-TOLIDINE

BISTERPYRIDINE
CARMINE INDIGO

ELECTROCHEM
Agperometric
Aopesropmetric
iodometric
Bare slectrods
Membrans elect.

Diffarential™

Pulsa Dropping
Mercury °

Differential
Pulse Polar-
ography

Potentiometric

DETECTION

CHARACTERISTICS AND COMPARISONS OF ANALYTICAL METHODS® (cont’d)

Spsciest WORKING EXPECTED EXPECTED
MEASURED LIMIT RANGE  ACCURACY PRECISION SKILL®
DIRECTLY (mg/L) {omg/L) (t ») (X 8)
0, 0.1 0.01 - 0.1 5 5
> 0.1 b b]
o, 0.03 0.0 - 0.6 1 0.5
other ranges
possible
0y 0.005 NR NR NR
0, 0.25 0.05 -1 NR ¥R
0, NOT QUANRTITATIVE ¥R NR
O, 0.004 0.05 - 20 2.7 2.1
0, <0.5 NR NR ¥R
Total -1 KR S S
oxidants
Total - 0.5 NR S 5
Oxidants
o, 0.2 NF 5 S
0, 0.062 NF S S
0, MR BR NR NR
0, 0.003 NR NR NR
0, MR MR NR AR

20




TABLE 1.

CHARACTERISTICS (cont’d)

STABILITY FIELD CURRENT
REACENT PRODUCTS  INTERFERENCES pH RANGE TEST  AUTOMATED STATUS
good good Cl,, Mn fons 2 YES NO RECOMMENDED
. Br, I,
good good Cl,, Mn ions 2 YES NO RECOMMENDED
Bxr; I,
good good Cl, at > lmg/L 2 NO YES COMPARISON
STUDIES
NEEDED
Stable Stable s?- so3~ Ccré 2 NO RO CONT'D STUDY
NR NB Man > 1 mg/L ] NO NO CONT'D STUDY
cl, > 10 =g/L
NR R Metal fons, NO,~ 2 YES NO ABANDON
Good Good cl, <7 NO YES RECOMMENDED
{LAB TEST)
NR MR NR 2 NO NO CONT'D STUDY
none NA Oxidizing 2 RO YES RELATIVE
spacies MONITORING
1 YR  Subject to Oxidizing 6 -4.5 NO NO  NOT RECOMMENDED
oxidation specles
none KR NR NR NO YES CONT’D STUDY
none NR NR NR NO  POSSIBLE CONT'D STUDY
none "~ R R NO NO RESEARCH LAB
nons KR BR 4 NO 8O CONT’D STUDY
nons NR NR MR NO YES CORT’'D STUDY
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TABLE I. CHARACTERISTICS AND COMPARISONS OF ANALYTICAL METHODS®

Species! DETECTION WORKING EXPECTED EXPECTED
TYPE OF TEST MEASURED LIMIT RANGE ACCURACY PRECISION SKILL®
(METHOD)? DIRECTLY (mg/L) (=g/L) (£ %) (£t ) LEVEL
w 0, 0.02 > 0.02 0.51¢ 0.5 1
ISOTHERMAL
PRESSURE CHANGE 0, 4 x 1073 4 x 10°% - 10 0.5 0.5 1
OZONE GAS PHASE
®Ideal* 0, 1 1 - 50,000 1 1 1
uv 0, 0.5 0.3 - 50,000 2 2.5 172
Scripping
Absorption
Iodomstry 0, 0.002 0.5 - 100 1-35 1-2 2
Cheriluminescence 0, 0.005 0.005 -1 7 5 172
Cas phase titration 0, 0.005 0.005 - 30 8 8.5 2
Rhodamine B/
Gallic Acid 0, 0.001 NR NR 5 1
Amperometry 0, NR NR NR NR 1

¢ for page mumbers in the full report, refer to the Alphabetrical Index
t cirect determination of the species measured without interferences
® Operator Skill Levels: 1l = ainfmal, 2 = good techniciam,
3 = experienced chemist
NA Not applicable
NR Not reported
NF Not found
Using tesearch grads electrochemical equipment
Using comnercial titravor
Spectrophotomatric andpoint detection
Visual endpoinc datsction.
Using tesc kit
Liquid reagent {s unstable
Stablility is very dependent on the purity of the 2-propanol used

~ S LN
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TABLE I. CHARACTERISTICS (cont'd)

STABILITY FIELD CURRENT
REAGENT PRODUCTS  INTERFERENCES  pH RANGE TEST  AUTOMATIED STATUS
none NA Other Independent NO YES ESTABLISH
Absorber MOLAR ABSORS-
TIVITY
none good none Independent NO YES COMPARISON
STUDY
none none none Independent YES YES RECOMMENDED
none none none NA YES YES RECOMMENDED
good good S0, NO, NA YES NO ABANDON
stable < I sec none NA YES YES RECOMMENDED
stable stable none NA YES NO  NOT RECOMMENDED
problems NR NA YES POSSIBLE NOT RECOMMENDED
none none NR NA YES YES NOT RECOMMENDED
8 Total Chlorine is all chlorine species with +1 oxidation stata
9 Very little actusl work has been carried out on sclective determination
of chloramines. The values reported are from extrapolared studies that
had objectives other than the selective determination of chloramines.
Most methods are indirect procedures which are not recommended

10 1Indirect method

11 1/5 of Cl0, determined

12 Acid chroae violetr potassium (ACVK)

13 Gas diffusion flow injection analysis (GDFIA)

14 Based on curront molar absorbtivity and proper sample handling tecniques.
Current best ostimates of molar absorbtivity of 2900-3300 give a
possible error of > 10%.

©

Taken from Cordon, Cooper, Rice, and Pacey, AWWA-RF Review on
"Disinfectant Residual Measurements Methods” (1987)
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Chapter 4 (Indexed Reference Citations) has been included in this report in
order to assist readers In locating particular papers of interest. The 4B
categories for chlorine, chloramines, and the oxy-chlorine species, along with
the additional 60 caregories for ozone, should make the task of finding in-
dividual papers of interest considerably less cumbersome. Papers which describe
several methods have been included in each of the appropriate categories. All
together, thes 1,400 references cited i{n Chapters 1-3 number more than 2,000
individual citations when distributed in the indexed form of Chapter &.

Chapter 5 is an alphabetical liscing of the individual references citations
Finally, a detailed Index has been included {n order to assist readers 1in
locating subjects of specific interesc. We hope the readers will find these
additional chapters as useful as have we in preparing this report.

RECOMMENDATIONS

General Statements on Comparisons.

There have been and will continue to be reports of methods comparison. One
of the most imporcant considerations for a method is accuracy, L.e. the ability
of the method to determine the correct concentration of a disinfectant in
solution. An equally important consideration {s precision, {.e. how well does
the analytical method reproducibly measure the same concentration. Frequencly
experiments are conducted to determine the "equivalency” of the metheds. From
such results, methods may be found to be equivalent, but the only analytical
considerations tested were accuracy, as judged by a Referee Method, and
precision, judged for each method based on the experimencal design.

No considerations were given to specificity or analyst preference. Yetr one
of the most difficult tasks in cthe area of disinfection analytical methods
development is comparison testing. 1t 1s recommended that a protocol be
developed to initiate comparison of the disinfectants. This protocol should
fnclude all of the factors delineated 4in the <“Ideal Method®™ and should be
undertaken in both laboratory concrolled conditions and at selected water
treatment plants around the country.

Chlorine Chenmistry.

Clearly, the conversion to moles, equivalents, or normality from units of
wg/L (as Cl,) or mp/L (as other oxidants) can easily be confused (and
confusing). Our recommendation is that all oxidizing agents be reported in molar
units (M) and, Lif necessary, in mg/L of that oxidizing agent as wmeasured {(i.e.
mg/L (as Cl,) or mg/L (as C10,") or mg/L (as Cl0,"). Furthermore, we recommend
that oxidizing equivalents per mole of oxidant be reported to wminimize
additional potential confusion. For example, when Cl0, is reduced to Cl10,",
this corresponds to one equivalent/mole; on the other hand, when Cl0, is reduced
to C1°, this corresponds to five equivalents/mole. A summary of molecular
weights and oxidizing equivalents for the various chlorine species, oxychlorine
species and ozone is given in Table II.
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TABLE II. EQUIVALENT WEICHTS FOR CALCULATING CONCENTRATIONS ON THE
BASIS OF MASS.

Molecular Equivalent
Weight Electrons Weight
Species g/mol Transferred g/eq

Chlorine 70.906 2 35.453
Monochloramine 51.476 2 25.738
Dichloramine 85 921 4 21.480
Trichlorazine 120.366 6 20.061
Chlorine dioxide 67.452 1 67.452
Chlorine dioxide 67.452 S 13.4950
Chlorite ien 67.452 3 16.863
Chlorate fon 83.451 6 13.909
Ozone 47.9%8 2 '23.999
Ozone 47,998 6 8.000

Several mechanisms have been proposed for the decomposition of dichleoramine,
but the complete mechanism at the breakpoint has not been resolved. Clearly, the
chemistry 1s complicated and varies wmarkedly with solution composition. A
detailed wunderstanding of the specific reactions involved requires a decailed
knowledge of the concentration of all chloramine species in the system.

Nicrogen-containing organic compounds may be present in surface water and
ground-vater. Because of analytical complexities, very few detailed studies
have been undertaken to determine c¢he individual compounds present and che
concentration at which they exisc. Kjeldahl nitrogen analysis {is used
frequently, but this does not provide any detailed information with regard to
individual compounds. The area of organic nitrogen and the determinacion of
specific compounds in natural waters is one of the increasing interest and
requirss considerably more research in characterization and methods development.

Ulctraviolet Nathods.

In general, because the molar absorptivities are quite lov for chlorine and
chloramine species, ultraviolet amethods are not considered useful in routine
monitoring of chlorine residuals. In addicion to the low molar absorptivicies,
there is often background abserbance chat may interfere with the measurement in
various natural wvacters. However, these measurements are of use in standardizing
the chlorine species in discilled waters and are often used in experimental work
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related to chlorine speciation. This method does have considerable potential
for the detsrmination of relatively high concencrations of halogens,
particularly in relatively clean water. This method might find use {n
sonitoring chlorine species in water treatment plants. However, with a more
elaborate multiwvavelength spectrophotometer and computer-controlled speccral
analysis, it might be possible to analyze several halogens simultaneously,

{

It is also possible that additional methods using permeable membranes could
be developed for the simultaneous determination of chlorine species 1in aqueous
solution. Additional work is necessary in this area. Although the molar
absorptivities of the species is not of a magnitude as te lend it to the routine
determination of the dilute (less than 10-®* M) chlorine and chlorine-ammon:ia
species, it is potentially helpful in determining the concentration of standard
solutions. Absorption spectrophotometric analysis has and will continue to be
very [mportant in cthe area of chlorine chemistry. It can be used in the
unambiguous determinaction of relatively high concentrations of cthe species 1n
relatively pure water.

Continuous Arperometric Titration Method.

Interferences appear to be reduced using the continuous amperometric method
because the reagents are added to the sample just prior to contacting the
indicating electrode. Thus, when compared to the amperometric titration. che
amount of interference by iodate ion, bromate fon, copper(1I), iren(III), and
manganese(IV) is reduced by approxizately one-tenth. No reports appear to be
available in the literature -on the determination of mixed oxidants using the
amperometric method. Such experiments need to be carried out. In addition, few
experiments have been reported which clearly demonstrate that the eleccrodes
remain uncontaminated for drinking water or waste water systems. In the absence
of such comparisons, the accuracy of any electrode procedure may be
questionable.

Howvever, the amperometric titration determination of chlorine species re-
mains cthe standard for routine laboratory measurements. Given proper analysc
training and experience, the commercially available instrumentation {s sensitive
and precise. This method should remain as the mecthod for laboratory use and
accuracy comparisons. It requires more analyst experience than colorimetric
methods, but can be relied on to give very accurate and precise measurements.
It should be noted that care must be exercised when using one titrator for the
weasuregent of both free and combined chlorine. Small quancities of iodide ion
can lead to arrors when differentciating between free and combined chlorine,
Careful rinsing with chlorine demand free water (CDFW) is & must! Additional
development of automated back-titration equipmenc with the goal of lowering the
linit of detsction and {mproving the reproducibility would be highly beneficial.

Iodomstric Titration Method.

The iodometric titraction {s useful for determining high concentrations of
total chlorine. The most useful range is 1 mg/L (as Cl,) or greater. It is a
common oxidation-reduction titration analytical method and provides a reference
procedure for ctotal chlorine. Although not necessarily used routinely, most
laboratories use it as a reference method and it is not likely ever to be
eliminaced from use.
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Colorimetric Methods.

It is reported in Standard Metheds (13) that nitrogen ctrichloride can be
@easured using che DPD method; however, the methed has not been confirmed by
independent investigations and should be used only as a qualitative method.
Additional research {s necessary to determine the effectiveness of the DPD
method for nitrogen ctrichloride. The effect of the presence of mercuric
chloride 4{in the reagents for minimizing the breakthrough of monochloramine into
the free chlorine reading with the DPD merhod has been shown. It {s very
important that the addition of mercuric chloride to the buffer be followved to
minimize the direct reaction of monochloramine with DPD. This phenomenon is not
thoroughly understood. This effect should be studied more thoroughly and che
principle may be applicable to all of the colerimetric methods.

The use of thiocacetamide was evaluated for monochloramine (using DPD-
Steadifac). It was shown under cthese conditions to eliminate any positive
inteference in the free residual measurement. These results are not as vet
understood, but the implication is that the chemistry of oxidation is different
for monochloramine and free chlorine. These results suggest that more work is
necessary to better define the reactions involved, and this may lead to a more
usable analytical procedure. This procedure {s recommended for use in wacers
that are suspected to be relatively high in combined chlorine.

The DPD-Ethyl Acetate Extraction Procedure is & wmodification of the DPD
chemisery. The method is based on the oxidation of iodide ion by active
chlorine followed by extraction of the iodine species into ethyl acetace. This
procedural wmodification may be of use in the determination of toral residual
chlorine in both the field and laboratory. Additional work is necessary before
it can be used to any great extent. It does not appear to offer substantial

advantages to the already well tested colorimetric wmethod for laboratory
measurements.

The DPD methods have become the most widely used procedures for the measure-
ment of chlorine. This is not likely to change. The DPD coler reagenc, in
liquid form, has been shown to be quite unstable and is not recommended for use.
It is sensitive to oxidarion by oxygen and thus requires a councrol measuremenc.
Clearly, it is better to use dry reagents.

Leuco Crystal Violet, LCV.

No studies have been reported that examine the interference of chlorine
dloxide and/or ozone {n the LCV method. It 1s anticipated that these oxidants
would interfere in the method, and studies should be conducted to quantify these
potential interferents,

Syringaldazine; FACTS.
A study using syringaldazine {n a continuous method to differentiate free
from combine chlorine has been reported. It wvas concluded that it could be used

and wvas useful in controlling free chlorination. Further work would have to be
conducted £o use this or any colorimetric method in continuous analyzers.
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Chesiluminescence.

Several papers have appeared that detail the reaction of hydrogen peroxide
and hypochlorous acid and the resulting chemiluminescence. The mechanism has
been relatively well established and the chemiluminescence is thought to occur
as a result of the formation of singlet oxygen. The light emitted i{s red (635
nm), and occurs most readily in alkaline solution. This reaction is rather
insensitive to low concentrations and {s not suitable for the determination of
hypochlorous acid in aqueous solution. However, the studies that have been
reported can serve as a guide for those interested in pursuing other rethods for
the determination of hypochlorous acid by chemiluminescence. It is not sensitive
enough to be considered as an analytical method for chlorine in water treatment.

A study has been reported that details the use of luminol for the
measurement of hypochlorite ion. The opticum pH for analysis was becween 9.0 and
11.0 luminol also has been used for the determination of hydrogen peroxide.
4,5,6,7,-tecramechoxyluminol is 30 & more sensitive than luminol. Either of
these compounds may be more sensitive in the decermination of free chlorine. As
these compounds have not been ctried it appears that addicional studies are
necessary. From the limited data available, it appears that this reaction has
considerable promise as an analytical method. It may very well be the mosc
sensitive method to date.

It is reported that lophine, in & reaction with hypochlorite 1on, produces
light. Very few details vere given in the study for this reaccion. It appears
that lophine also may be good as a chemiluminescence reaction system Ior free
chlorine. Addicional work should be undertaken to better cnaracterize the
details of this reaction.

Luminol and some of its derivatives, or lophine, may be well suited for che
very sensitive measurements of chlorine species. Additional research should be
undertaken to develop the use of chemiluminescence for use in the determination
of chlorine in wacter. The potencial exists for rapid, simple. and specific
methods for chlorine and possibly ocher oxidants. With the advent of fiber
optic sensors and their application in chemilunminescence methods, this
technology will be imporctant i{n the futurs.

Fluorescance.

The use of rhodamine B has been reported as a low level fluorometric mechod
for the determination of bromine. This method {s qualitatively specific for
bromine, although chlorine will react to decrease the fluorescence. The advanc.
age of this method iz that it is capable of determining oxidants at very low
concentrations. This wmethod could be applied to chlorine snalysis by first
using the fres chlorine to oxidize the bromide ion to bromine, an irreversible
reaction, followed by the determination of bremine. This method was not
developed fully and very little work has been undercaken since the first
publication. 1t does appear to have considerable pocencial and future research
in the area of methods development should not exclude additional vork on cthis
fluorometric procedure.
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Other Electrode Methods.

Additi{ional studies are required to better understand the limitarions of
mesbrane electrode methods. It appears that they may have prominent roles to
pPlay in chlorine residual measurements in the future.

In a series of experiments carried out for the determination of free
chlorine in tap water, it was observed that cthere was a statistically
significanc difference betweer the results of the amperometric titration and the
wembrane electrodes. It was thought to be a problem in the membrane electrodes
However, on reconsideration, ic is pessible that the electrodes were acrually
givaing a free chlorine reading and the amperometric titration was reading the
sum of free and organically combined chlorine. The study was conducted on water
which is relatively high in organic nitrogen. 1t is possible that considerable
chlorine is present as organically combined chlorine and interferes in the
amperometric titration procedure, but does not interfere with the menmbrane
eleccrode measurements. This question must be resolved, Carefully designed
experiments to explcitly resolve these differences would be most appropriate.

There have been no reports of experiments using bare-electrode amperomecric
analyzers vhere other oxidants such as chlorine dioxide., chlerite ion, chlorate
ion or ozone have been ctested with the bare-electrode. Additional studies are
required to expand these bare-electrode amperometric studies to quantitate

interferences with oxidants other than those tested, and to expand to other
nactural waters. ’

Since the accuracy of the potentiomerric electrodes is affected, 3f
temperacure corrections are not used, it is recommended that temperature be
either controlled or measured simultaneously. Additional independent measure-
zents of accuracy should be undertaken for the potentiometric elecrrodes,

It appears that the potentiometric electrode can be wused for the
determination of total residual oxidant. It 1is suictable for continuous
measurements and appears to give results that are acceptable when compared to
the amperometric titrator.

General Summary and Recomnendations for Chlorine.

In comparing all of the methods to the "Ideal Method® we find that none coze
very close to our ideal standard. Continued development of the various methods
will, however, come closer and closer to the ideal.

For the present, the amperometric titration technigques will remain the
laboratory standard used for che basis of comparisons of accuracy. These
mechods, with proper precautions can differentiate between the common inorganic

chorine/chlorine ammonia species, and in general suffer from as few incer-
ferences as any of the methods.

Of the three common colorimetrie procedures, DPD, LCV, and FACTS, the DPD {s
by far the most commonly used mechod. From the available literature it is clear
that the DPD procedure has a number of weaknesses. In particular, the colored
product {s a free radical which limics the stability of the colored reaction
product. The direct reaccion with monochloramine, to form a product identical
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to the reaction with free chlorine, {5 also a drawback. This problem can be
reduced by the addition of thiocacetamide. Liquid reagent instability precludes
their use i{n most cases; care should be taken to detarmine blanks frequently.

The present LCV mechod that appears in Standard Methods (13) is outdated and
has been substancially improved upon by Whictcle and Lapteff (14). This method
allows for cthe differentiation of the common free and cozbined inorganic
chlorine species. However, because only one comparison study has been
conducted, additional collaborative testing is recommended.

The FACTS test procedure appears to be very useful for the determination of
free chlorine in the presence of relatively high concencrations of combined in-
organic chlorine. A severa drawback of the FACTS test procedure is the insolu-
bility of the syringaldazine in either 2-propancl or water. This leads to dif-
ficulcies in reagent preparation, and presumably to the color stability problem
encountered at the higher concentrations of chlorins (greater than 6 - 8 mg/L
(as Cl,)). Although a method for the use of the FACTS test for total chlorine
has besn reported, it should be tested further.

Electrode methods have been developsd employing several different concepts.
The membrane slectrodes appear to have potential as specific methods for hypo-
chlorous acid. Common {interferences are other nonionized molecules such as
chlorine dioxide and ozone. Potentiometric slectrodes for the determination of
total chlorine are Iimproving 1in both detection limit and stability. These
eleccrodes appear to have promise in the area of process control. Their
inclusion as methods for routine-use in the laboratory and field is warranted.

Both fluorescence and chemiluminescence methods also show promise for the
specific determination of free chlorine at very lew concentracions. Wichin chis
area of spectrofluorometric mechods, chere 1is considerable work yet to be
initiated. Continued davelopzment work is warranted and recommended in this
promising area.

From the reviev of analyrical procedures for the determination of chlorine
in aqueocus solution, it 1{s readily apparent that only a few of the methods are
used routinely. HNevertheless, there is certain to be a continued interest in
developing new and better methods of analysis. We would strongly recommend thac
new pethods be presented in terms of the "Ideal Method® and that vhenever pos-
sible, comparisons with real samples and incerlaboratory comparisons be made.

Flow injection analytical techniques are becoming very common. Continued
development should lead to the automation of many colorimetric and fluorometric
analytical asthods for the measurement of free and comzbined chlorine and its
various speciss in watar. With the current emphasis on automation, the mechods
that are to be devaloped and those already devasloped can resdily exceed presenc
standards of accuracy and precision. Auctomacion will also lead to operator
{ndependenc methods and should lead to improvements in process control and
aonitoring.

Chlorins Analytical Methods Comparative Studies.
The reader is cautioned against accepiing the resulcs of any or all of the

above tests without some reservations. Where possible we have tried to add com-
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ments, parenthetically, based upon our knowledge of the field. It is very ia-
portant in reviewing daca from comparison tests that the analyst be aware of the
objectives of the comparison testing. For example, a test may be judged
unacceptable because of an unacceptable lower limit of detection that {s beyond
the need for concern for other investigators.

In general when testing several test procedures it i{s important to identify
the objective of the tescing. Equally important is the use of the data. In
reporting the results of the abaove tests, it should be kepc in wmind that wmany
manufacturers of chemicals for analytical mechods and Test Kits change their
procedures as a result of the testing. The concerned analyst needs to determine
i{f the results are still valfd. This change is not necessarily applicable <o
ocher scudies where the chemistry of an enalytical method is examined. In
general, the more the test studies chemistry and not merely the test procedures,
cthe more applicable the results ars for future reference.

Another area of confusion concerns precision and accuracy. An analytical
method may be judged acceptable based on the precision of the results, while the
same wmethod may give poor accuracy. These statistical parameters are separate
and must be tested using different experimental designs. Comparisons with the
*Ideal Method® would require that both be at acceptable levels.

In genersl, there is a lack of comprehensive studies to better understand
the chemistry associaced with the individual test procedures. Investigations of
this nature are necessary on a continuing basis, because of the advances in ana-
lycical inscrumentation and our-continued improvements in underscanding the de-
tails of the underlying chemistry.

Chlorine Dioxide Analytical Methods.

The fodometric method is a questionable mechod even for carefully concrolled
research laboratory chlorine dioxide standards. In real samples where a large
nunber of pocential interferences can exist, the method is destined to produce
erronecus results. Newer, more species specific methods are better choices.

Any method which determines concentrations by difference is potencially
inaccurate and subject to large accusulative errors--both in terms of accuracy
and precision. The subtraction of two large numbers to produce & small number
means that the errors associated with those large numbers are propagated to the
spall number. The result in many casea is that the error {s larger than che
swaller number, therefore, giving neaningless information. Methods such as
this, vhich obtain values by differsnces, should ba avoided.

The DPD method uses the difference method in the evaluarion of concen-
trations. The direct measurement of species by means of a mors reliadle and
accurate methed to determine chlorine dioxida is needed. The saze questions
raised about the DPD method for chlorine also apply here.

Ultraviolet spectrophotomecry, utilizing continuous flov sutomated wethods,
has a great potential for accurate and precise measurements with the added
advantage of ease of operation and high sample cthroughput. Flow injection
analysis wmethods (FIA) should be carefully evaluated against existing methods
for accuracy and precision. The method should be field cested and the potential
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problem of membrane reliability should be evaluated for long term operations.

Additionsl bench studies using continuous flow methods with chemiluminescent
decection must be carried out. The superior selectivity of this method needs to
be urilized. Comparison lab testing and field study should be carried ouc.

Chlorite/Chlorate Ion Analytical Methods.

The iodomectric/amperometric methods are indirect determinacions of chlorite
fon and cannot be recommended. The DPD mechod for chlorite ion can not be
reconmended because it 1is unreliable.

The iodometric sequential mechods appear to be very workable on samples
containing greater than 1 mg/L chlorite ion or chlorate ion with good precisien
and accuracy resulting. The method requires considerable operator skill and
experience to obtain good precision and accuracy for samples containing less
than 1 mg/L chlorite ion or chlorate ion. The method should be field tested
with other wmethods wusing both high and low ratios of chlerate ion to chlorite
ion. The method should be used with caution on low level samples of drinking
water and/or wastawater, although direct methods requiring less specialized
skills are preferred.

Interlaboratory cooparisons should be carried out for the modified
iodometric mechod for the direct analysis of chlorite ion and chlorate ion. The
detailed effects of varfous potential interferences need to be evaluated.

The argencometric titration methed is to be recommended only for relatively
nigh concentrations of oxy-chlorine species (10-100 mg/L) but may be very useful
in establishing inter-laberatory bench mark comparisons at these high concen-
tration ranges. No such comparisons are currently available.

A highly precise, automated FIA method for low level chlorate ion needs to
be developed possibly using various masking agents such as glycine, oxalie acid,
walonic acid, and nicricte {fon to initially remove other possible oxy-halogen
interfering species. The method appears to be very promising in that it can be
used to directly determine low level chlorate fon concentrations.

Difficulties With Ozone Measurements: Need For ldeal Method.

As a consequence of the nature of czone, its continuocus self-decomposition,
volatility from solution, and the reaction of ozone and its decompasition
products with many organic and inorganic contaminants in water, the deter-
mination of dissolved residual ozone is very difficult. A decailed knowledge of
the mechanism of aqueocus ozone decomposition and the potential role of the
various highly reactive intermediares, i{s imperative in order to accurately
evaluate the analytical methods (15). In this context it should be noted that
most ozone methods are modifications of chlorine residual wmethods which
determine total oxidants in the solution. Therefore, ozone decomposition
products such as hydrogen peroxide and the like are also measured.

lodometry can be used as an example of the difficultfes encountered in

making aqueous ozone measurements (16). Iodide ion is oxidized to fodine by
ozone in an unbuffered potassium iodide solution. The pH then is adjusted co 2
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with sulfuric acid and the liberated fodine i{s titrated with sodium thiosulface
to a starch end point. The ozone/lodine stoichiometry for this reaccion has been
found to range from 0.6S to L.5. Factors affecting the stoichiomerry include:
pH, buffer composition, buffer concentracion, fodide fon concentration, sampling
techniques, and veaction time, The pH during the initial ozone/iodide ion
reaction and the pH during the fodine determination have been shown to markedly
alter the ozone/iodine stoichiometry. The formation of iodate ion and hydrogen
peroxide have been implicated specifically as factors affecting the ozone/iodine
stoichiomecry (17). Modifications in the iodine determination include changes
in end point deteccion, pH, and back-titration techniques. UNone of these
modifications has been demonstrated to be torally satisfacrory.

The biggest difficulty in interpreting the existing ozome literature is thac
no one method has been accepted as the Referee Method. Therefore, comparison
between several different methods can create false conclusions aboutr the
accuracy of ths methods. The method most often used for comparative purposes in
the research laboratory is UV measurement of ozone at 250 nm. Even with this
pethod there' is apparent confusion over the molar absorptivity for aqueous
ozone, with the values ranging from 2900 to 3600 M~ !em~! (18).

All analytical methods reported, particularly those of early vintage, should
be reevaluated, considering the recent information about oxidative by-products
from ozone decomposition and the ozonation process itsealf. Some of these
factors may not have been considered during development of the original
analytical procedures. Certainly, more detailed information and comparisons
should be available. Because of the difficulcies of establishing a reliable
Referee Method we propose that the existing and future methods be compared
against an “Ideal Method". This "ldeal Method" would incorporate all of the
characteristics that are desired for an ozone method, taking into account all
other potential interferences, decomposicion products, and samples originacting
from varioug sources. Finally, automation, while not an absolute necessity, can
add to the selectivity and ideal nature of a mechod for ozone determinacion.

Ozone Measurement: Gas Fhasae.

The wany uses of ozonation in the treatment of drinking water are controlled
by monitering a number of parameters. Dissolved residual ozone is only one of
these parameters, and its measurement controls only disinfecrion conducted after
filtrarion, but before addition of a residual disinfectant for the distribution
systez. However, it is very clear that the cost, efficiency, safety and
improvements in design of ozons water purification systems {is extremely
dependent on the accurate determination of gas phase ozone. Therefore,
analytical methods must be developed that will accurately measure ozone in the
gas phase and residual ozone in the aqueous phase. At this poinc it {s

unrealistic to believe that one single method will be acceptable for both sample
matrices.

Todomerry, UV absorption and chemiluminescence are the three most common
methods employed for gas phase measurements (16). Each of these has been applied
to determine the amount of ozone present in generator exit gases, when stripped
from solution to the gas phase, or the amount of ozone in a contactor exhaust
gas.
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These techniques of monitoring concentrations in contactor exhaust gases are
quite promising as a method of controlling the production of adequate quantities
of ozone. This provides considerable savings in electrical energy coscs for
ozone generation. Direct inter-comparisons of the varicus gas phase weasurenent
techniques are needed in order to evaluace accuracy.

Determinstion of stripped ozone in the gaseous state was reported in the
l6th Edition of Sgandard Mechods (13) for measuring czone dissolved in water.
However, in sddition to the procedure being subject to the same limjtations of
UV  absorption and chemiluminescence procedures in agqueous solution, the effects
of the gas stripping process itself must be ctaken into consideration.

Although the {odometric stripping/ajueous absorption method has  been
approved in Standard Metheds (13). we gquestion the accuracy of the method. all
evidence would suggest cthat the method 1is problematic. Even though the
impurities are substantially left behind by the stripping, ths acrual procedure
and the continual decompesition of ozone does introduce inaccuracies into chis
method. This wmethod can be used as a relative measure of ozone for control
purposes.

This basic stripping approach followed by absorption 1In aqueous solution
(and colorimetric measurement) may deserve to be studied further. However, the
biggest potentlal problem appears to be that at high concentrations of ozone the
colorimetric compounds may react by a mechanism different from that used for
residual ozona measurements. Research should be concentrated on the reagents
that have already exhibited ozone selectivicy.

lIodomecry (Aqueous Phase).

1f the performance of ozone in a specific treatment application is not de-
pendent only on the ozone, but is instead a collective function of its reactive
decomposition products as well, then iodometry can give a vrepresentative and
reproducible reading of the total oxidants. For example, most European drinking
water treatment plants employing ozonation as the primary disinfectant, have
relied on {odomerric measurements as the basis for insuring adequate
disinfection, actaining a residual “ozone®” level of 0.4 mg/L in the first
contact chamber and maintaing this level for at least four minutes).

However, it i{g mow sbundantly clear that the 0.4 mg/L value is a peasure of
the amount of total oxidants present, and not necessarily ozone alone.
Therefore, either the absolute level of czone required to attain the expected
degree of disinfeccion {3 lower than 0.4 mg/L over the required period of ctime,
or some of the dscomposition/oxidation products formed upon ozonation also have
disinfecting properties, or both. Clearly, detailed experiments need to be
carried out to demonstrate the efficacy of disinfection by the decomposition
products of ozone. Similar efficacy daca for ozone decomposition products could
be developed for other uses of ozone (e.g., chemical oxidation) when measuremenc
of tesidual ozons levels wust be made to control the process. Such data would
help to justify the continued use of lodometry to measure “total oxidants”,
rather than only ozone.

Historically, l{odometry has been used as the reference method for deter-
mining ozone, and against which other analycical procedures have been
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"standardized". It is now quite clear that because of its lack of selectivirty,
the use of fodometry should be limited to that of only a control procedure. In
terms of ozonation processes, measuremenc-for control purpeses-of the production
rate of ozone generators and bacterial disinfection/viral {nactivation may be
based upon {odometry, provided the user recognizes the many limitations of the
method. The reevaluation of this method musz be carried out with the specific
goal being to define when the method is reliable and the situations where it 1s
not accurate.

Many authors have tactfully pointed out the many disadvantages of lodometry,
leavang it to the reader to decide whether or not to use the procedure. In a
detailed comparison of eight analytical methods £for the determination of
residual ozone it was concluded (16):

"No {odometric method is recommended for the determination
of ozone in aqueous solution because of the unreliability
of the method and because of the difficulty of the com-
parison of results obtained with minor modifications in
the iodometric method itself."

Arsenic(III) Direct Oxidation.

In the direct oxidation of arsenic(I1II), ozonme reacts with inorganic
arsenic(IITI) at pH 4-7, the pH is adjusted to 6.5-7 and the excess arsenic(III)
species is back-titrated vith standard iodine to a starch end point. Values for
residual ozone determined by the.arsenic direct oxidation method and by cthe
{ndigo wmethod agreed within 6% of the UV values. The primary advantages of the
arsenic direct oxidacion procedure are minimal interferences, good precision 1in
the hands of experienced operators, and apparently good overall accuracy. This
procedure continues to be recommended along with the indigo method. Additional
comparisons of cthis method should be made with the indigo method under various
conditions.

Syringaldazine, FACIS.

The FACTS procedure, which was developed for the selective determination of
free available chlorine (hypochlorous acid + hypochloritze fon) in the presence
of combined chlorine (chloramines), has been adapted for cthe determination of
residual ozone (19). In this procedure, an agqueous solution of ozone is added
to a solution of potassium iodide, and the liberated iodine £ added to a 2-
propanol solution of syringaldazine ac pH 6.6. The resulting color is measured
spectrophotomecrically at 530 nm,

The FACTS procedure has the major advantage of providing a spectrophoto-
metric procedure for the determination of ozone. However, the major limictacions
of the FACTS method are still cthose of the {odometric procedure. Due to the
observed changes in slope and intercept which are problems caused by che
interferences, self-decomposition of ozone, and stoichiometry, this method could
be reviewed {n order to fully evaluate its potential usefulness. However,
considering the other colorimetric methods that are available further
development of the FACTS wmethod does not seem to give any promise of the
improved selectivity that i{s needed.

35



N,K-Diethyl-p-phenylenedianine, DPD.

The DPD procedure {s based on the ozone oxidatien of iodide ion present in
excess phosphate buffer at pH 6.4 to produce fodine, which then oxidizes the DPD
cation to a pink Wurster cacion which is measured spectrophotometrically, or
titrated.  The interferences include all oxidants capable of oxidizing {fodide
ion ¢o f{odine. including oZone decomposition products, halogens, and manganese
oxides (20).

One advantage of the DPD method is that determinations can be made by
ferrous ammonium sulfate (FAS) citrimetry, spectrophotometrically or by a coler
comparator. Ozone concentrations of less than or equal to 2 mg/L can be
determined colorimetrically. Clearly, the procedure requires the difference of
differences and is lizited by che same factors which limit {odometry, specific-
ally the presence of materials which can aoxidize iodide ion to iodine.

Although evaluation of this procedure versus the standard ulctraviclet and
indigo procedures would seex to be necessary ro make & more educated decision
about the continued use or abandonment of this method, the recommendation {s
that other colorimetric methods are considerably more reliable than DPD.
Therefore development or testing is neither recommended nor considered necessary
at this cime.

Indigo Trisulfonate.

The indigo method is subject to fewer Interferences than most colorimecric
methods and fewer interferences than all iodometric procedures (21-23). Acr pH
2, chlorite, chlerate, and perchlorate {ons, and hydrogen peroxide do noct
decolorize Indigo Reagent when observed within a few hours and when the
concentrations of the interferents are within a factor of 10 of that of the
ozone to be determined.

Ozone decoxposition products and the products of ozonolysis of organic
solutes do not appear to interfere. However, chlorine, bromine, and iodine do
cause some interference, as do the oxidized forms of manganese, The addition of
malonic acid to the samples will mask the interference of chlorine.

For the Indige Trisulfonate Method, it should be noted that vwhen the
uleraviolet absorption wmethod 1s used to standardize the ind{go method (or any
methed) for ozone, the choice of molar absorptivity is very eritteal. It {s
recommended that the equacions of Hoigne continue to be used since they are
based on a molar absorptivity of 2950 N lem™?, If and vhen a different value
for wmolar absorprivity 1is reported and confirmed, the (calibration) equations
would have to be appropriately changed. In cthis wmanner, all current
measurenents using the indigoe sethod would continue to be comparable.

The advantages of the indigo procedure is that it {s based on a measure of
discoloration which 1s rapid and stoichiometric. This analytieal procedure is
recommended for use over any other procedure for the determination of residual
ozons. Its primary accributes are its sensitivity, selectivicy, accuracy,
precision, speed, and simplicity of operation.
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The gas diffusion flow injection analysis (GD-FIA) procedure eliminates che
{nterference of oxidized forms of manganese, and markedly reduces the interfer-
ence of chlorine (24). Other than interference of chlorine which can be reduced
to zero by addition of malonic acid, there are mo known interferences to <che
determination of ozone by this GD-FIA procedure using the indigo method.

The primary advantages of the CD-FIA procedure are its  acecuracy,
selectivity, lack of interferences, reproducibility, and rapidicy. Thus, the
method is well suited for laboratory research studies and for wuse as an
automated analytical procedure.

More studies should be conducted with specific gas-permeable wembranes,
particularly with respect to repeated and/or continuous exposure to ozone solu-
tions. The use of FIA equipment in a process control envirconment also must be
evaluated. The GD-FIA indigo procedure might well be adopted as the analytical
method of choice.

o-Tolidine

The o-tolidine method ({addition of 1-2 drops .of o-tolidine solutien to
ozone-containing water to develop the yellow color) is very simple, and easily
adapted to field color comparators, suitable for unskilled analysts. However,
this advantage cannot compensate for the lack of quantitation of the method, nor

for the carcinogenicity of the reagent {o-tolidine). The recommendatien is to
.abandon this wethod.

Carzine Indigo.

The carmine indigo procedure has been used in Canadian water works plants
for cthe past 15 years. The ozone containing water is titrated with a solucion
of carmine indigo until a faint blue color persists indicating that all of the
ozone has been destroyed. Specific interferences are unknown, but any oxidant
capable of decolorizing the carmine indigo dye most likely will incerfere.

Effects of interferents should be determined, as should precision, accuracy,
and effects of reagent scorage and pH., The method should be studied in direct
comparison with other wmethoeds, such as the ipndigo and UV absorpcion methods.
Automation of this mecthod could lead to improuved selectivity for ozone.

Aoperometry.

With bare electrode amperometers, either the solution or the electrode is
rotated to establish a diffusion layer, and the electrical current measured is
directly proportional to the concentration of dissolved oxidant (25). Commer-
cial amperomstric analyzers give satisfactory results provided there is no
oxidant other than ozons present in the sample. In many situations they provide
adequate monitoring of total oxidant. The bare electrode system has good
sensitivity, and is spplicable as a continuous nonselective moniter for ozone.
When other oxidants such as chlorine, chlorine dioxide, bromine, and lLodine are
present, the technique has difficulcies. The exact nature and magnitude of
these interferences requires additional research.
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Due to the accumulation of surface impurities at the electrode surfaces, all
bare amperomatric electrode systems ara subject to loss of sensitivity with use.
With uncovered electrode surfaces, fouling has been observed to be a significant
problem as was the case in earlier tescs with oxygen electrodes. Addicfonally,
the response is influenced by numerous surface-active agents and also halogens
and oxygen.

An {mprovement in the development of amperometric methods for ozone analysis
has been the application of gas-permeable membranes for increasing selectivity
and preventing electrode fouling (26-27). These Teflon membrane electrodes
exhibiz less than 2% interference (in terms of current response) frem bromine,
hypobromous acid, chlorine dioxide, hydrogen peroxide, nitrogen trichleride, and
hypochlorous acid (26-27).

This type of amperometric membrane sensor needs to be developed further
based on the exhibited selectivities. The most disturbing attribute {s the
tepperacure dependence. I1f different membranes could maintain selectivity while
minimizing the temperature effect, this cype of sensor could become highly
recozmended.

The application of posictive voltage potentials and the use of polvmeric mem-
branes that are selectively permeable to gases has enhanced the opportunity for
selective peasurement of ozone. This {s a very significant imprevement over
bare amperometric elsctrodes as well as most older colorimetric/spectrophoto-
mectTic and cticrimectric methods. With an applied voltage of +0.6 V (vs SCE) at
the carthode, only the most —powerful oxidizing agents can overceme the
"resistance” of this anodic voltage and cause electron flow cathodically through
the electrochemical circuit. This general approach should continue to be used
in future electrochemical developments.

Other Electrochemical Methods.

In the differential pulse polarography precedure (DPP), a predetermined
amount of phenylarsine oxide (PAO) 4{s added in excess to an ozone solution to
reduce the levels of dissolved ozone present. Excess PAO then {s measured
quantitatively by pulse polarography. The DPP method may under some
circumstances be useful in the research laboratory. The prospects of its use in
the plant or f£ield are not as promising since a higher degree of operator skill
is required. -

Potentiometry imvolves the cathodic reduction of dissolved ozone. The
diffusion-limiting current wmeasured {s proportional to the concentration of
ozone in the water. Further evaluation of potentiometric systems =may ba {in
order. However, the fundamental problems of electrode fouling must be
addressed, Perhaps a combination of membranes and potentiometric detection
would produce a proaising system for ozone determinations. The system appears
to have modest potential for development.

Ultraviolet Measurenents.
Ultraviolet absorption measurements also can be used for residual aqueous

ozone at 258-260 nm. There {s uncertainty with respect to the molar
absorptivity for aqueous ozone. In the literature, values ranging from 2900 to
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3600 M~ lcm™! are reported. This uncertainty in the molar absorptivity is
cricical ¢to the future use and calibration uses of the UV mechods. Clearly,
further work to verify this value is strongly recommended.

If the molar absorptivity for ozone {s known unambigiously, UV absorprion is
in principle an absolute method for the determination of ozone, which is not
dependent upon calibration or standardization against other analytical methods.
Therefore, it can be used for calibracion of other analyctical mechods for ozone.

It s specific to the determination of ozone, and is appiicable to measurement
in gaseous and aqueous phases.

Physical Methods.

The calorimetric method {s based on the enthalpy of the catalyzed
decomposition of ozone (AH = 144.41 Kl/mole). The calorimetric determination
of ozone {is calibration-independent. The technique Ls specific to the
determination of molecular ozone, but is applicable to measurement only in the
gas phase. MHowever, the higher the concentration of ozone in the gas phase, the
more accurate the method appears to be, since a greacer temperature difference
is observed. Potencial interferents have nct been reported.

The method has been shown to agree with iodomectric and UV absorption pro-
cedures, particularly for the seasurement of ozone in the gases exiting ozone
generators. Therefore, the procedure can be used to monitor applied ozone
dosages. Additional detailed Iinterlaboratory comparisons need to be carried
out. .

The isothermal differential pressure procedure is based on the generation of
an increased number of gas molecules during the UV destruction of ozone at
constant tempperature. VWhen this reaction is carried out isothermally in a
closed vessel, the increase in pressure of the contained gas is proportional rto
the ozone concentration. In principle, this procedure achieves a totally
physical ozone measurement without requiring calibration using a chem:ical
method. Various automated instrumental checks such as the stored wmolar
absorpeivicy, the age of cthe UV 1light source, the zero point reading,
measurement of the flow of the test gas and the flushing gas, and the reading of
the diagnostic display are possible.

No specific comparisons are reported. However, in principle it appears that
this physical method is the best candidate for calibrating the gas phase ozone
instruments currencly being used for ozonation control. As long as pure oxygen
is used for ozons generation this method would be frema of interferences and
would be subject only to strict temperature control of the measuremenc cell.

Further study of this system would be necessary before it could be recommended
for further consideracion.

GCeneral Summary and Reccmmendations for Ozone.

In comparing all the methods to the *Icdeal Method® we find that none come
close to our 1ideal standard. Continued development of the various selective
methods will, however, come closer and closer to the {deal.
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In cerms of gas phase measurements, none of the existing methods can be
recomnended for accurate determinations of ozone. 1f a relative value of the
ozone concentration is needed for control purposes, most of the mecthods reported
could be applicable.

- The accurate determination of ozone in the aqueous phase is complicated by
the decomposition of ozone, {ts reactivity to the other species present, and the
by-products of the ozonation reactions. Most current methods were ceveloped
without a clear knowledge of the associated ozone chemistry. Therefore most of
the methods are wunacceptable or cannot be recommended. In particular. no
lodometric based chemistry is acceptable for the determination of aqueous ozone.
Indigo trisulfonate and arsenic(III) direct oxidation are acceptable methods.
Amperometery continues to improve -- especially as an automated control mechod.

The stripping techniques have some merit in terms of 4improved ozone
selectivity. However, automated chemical systems such as flow injection
analysis offer considerably more promise. The current GD-FIA {ndigc procedure
is superior for residual ozone measurements due to its selectivity for ozone.

The most importanc aspect of any potential new or {mproved ozone analyrical
method will be speed of analysis and selectivity of the detection svstem for
only ozone. As a point of comparison, we strongly recommend that all future and
exiscing mecthods be compared against the *Ideal Method".
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A GUIDE FOR EFFICIENT USE OF THIS REPORT {AND A BRIEF GLOSSARY OF TERMS)

This Report contains a very detailed review of all disinfectant zesidual
measurement methods. The Executive Summary is incended to give readers a brief
overview of the advantages and disadvantages of each method. To that end, Table
I (Characteristics and Comparisons of Analytical Methods) has been included _ o
summarize each of our findings and to recommend possible directions for future
research. In addition, Table II  (Equivalent Weights for Calculating
Concentrations on the Basis of Mass) describes the equivalent weights of each of

the disinfection species in terms of the actual reactions invelved in the
disinfection process.

Each chapter contains individual recommendations following the discussion of
the method. A summary of all of che recommendarions is also given at the end of
each chapter. Additional help is given by wmeans of an alphabetical Index
containing more than 2500 individual terms. Specific cross referencing for all
recomzendations can be found in the Index elither under the "recommendation", or,
in terms of the subject of the numbered recommendation itself.

The term Refarese Method is used to describe appropriate comparisens with

existing wmethods and Standard Methods refers co a specifically recommendad
method. The Index should be an additional aid to finding the details of
specific methods.

In this context, it should be noted that the fndividual literature citatcions
are specific to each individual chapter -- and are either numbered individually
within chapters 2 and 3, or alphaberically sequenced within chapters 4 and 5.

Chapter 4 (Indexed Reference Citations) has been included {n this report :n
order ¢to assist readers in locating particular papers of interest, The 48
categories for chlorine, chloramines, and the oxy-chlorine species, along with
the additional 60 categories for ozone, should make the task of finding in-
dividual papers of interest considerably less cumbersome. Papers which describe
several methods have been included in each of the appropriate categories. All
together, the 1,400 references cicted in Chapters l-3 nusber